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Preface 


This revised Ninth Edition is in complete accordance with the latest 
FCC Study Guides, the Supplements to the Study Guides, and the latest 
FCC Rules and Regulations. It is designed to be used in preparing for 
the radiotelephone license examination for Third-Class, Second-Class, 
and First-Class Licenses and for the Radar Endorsement. An exten- 
sive section on troubleshooting, specially prepared by the author, 
provides practice in solving problems similar to those given on the 
FCC examination. This edition is completely self-contained, with all of 
the elements necessary to study for the examination for any class of 
radiotelephone operator’s license. The requirements for each class of ra- 
diotelephone operator’s license are as follows: 


Radiotelephone First-Class Operator License: Elements I, II, Ul, IV 

Radiotelephone Second-Class Operator License: Elements I, UU, lil. 

Radiotelephone Third-Class Operator License: Elements I, Il 

Restricted Radiotelephone Permit: No written or oral examination 

Ship Radar Endorsement on Radiotelephone First-Class or Second- 
Class Operator Licenses: Element VIII 


The examinations for Elements I and II consist of 20 questions each; 
Element III, 100 questions; and Elements IV and VIII, 50 questions 
each. The examinations are of the multiple-choice type, and the candi- 
date is asked to choose the best answer of the five given for each ques- 
tion. A grade of 75% is required to pass each examination. 

As of February 7, 1979, the requirement for a Broadcast Endorse- 
ment on a Radiotelephone Third-Class Operator License has been 
eliminated by the FCC. Prior to this date, the above license and en- 
dorsement were required in order for an operator to routinely operate 
all types of AM and FM broadcast stations. 


Beginning February 7, 1979, only a Restricted Radiotelephone Per- 
mit is required for the routine operation of all types of AM and FM 
broadcast stations. Note that the above ruling does not eliminate the 
requirement for a Radiotelephone Third-Class Operator License for 
the operation of certain other stations. (See R & R 13.61g, in Ap- 


pendix 1.) Also note that a Radiotelephone Third-Class Operator 


License remains a prerequisite to the Radiotelephone First-Class or 
Second-Class Operator License. 
Note the following with regard to the above change: 


1. A holder of a current Third Class Operator's Permit does not need 
to replace it with a Restricted Radiotelephone Operator Permit. 

2. A Third Class Operator Permit can be renewed when necessary, 
but without the Broadcast Endorsement. If you only wish to perform 
routine operation of broadcast transmitters, you can instead apply for a 
new Restricted Radiotelephone Operator Permit, which is good for a 
lifetime. 

3. You may not hold a Third Class License and also apply for a 
Restricted Radiotelephone Operator Permit. 

4. The Restricted Radiotelephone Operator Permit allows the operator 
the same privileges as the prior Third Class License. 


Applications for the Restricted Radiotelephone Operator Permit 
(FCC Form 753) may be obtained from any local FCC field office or 
from FCC, Washington D.C., 20554. Mail the application to: FCC, 
P.O. Box 1050, Gettysburg, PA 17325. 

It has always been the policy of the author and publisher to provide 


the very latest examination information for the readers. In accordance — 


with this policy, portions of the Rules and Regulations in Appendix I 
have undergone a last-minute revision. In keeping with an FCC release 
dated January 5, 1979, portions of Parts 13 and 73 have been updated. 

Most of the answers to each Question are presented in two separate 
sections: a short but complete Answer, and a Discussion. This enables 
the student to make reference only to the Amswer at first, and then re- 
turn to the Discussion for more detailed information at a later date. 
Discussion sections are included for most of the questions in order to 
' present much needed background material that should add considerably 
to the student’s knowledge of radiotelephony. It is hoped that the Dzs- 
cussion material will save the student time that might otherwise be 
spent in reading various reference books. 

Some very important changes and additions have been made to recent 
editions. Some of these changes and additions are in accordance with 
the FCC Study Guides (plus addenda), while others are not found in 
the FCC material but have been added for the student’s benefit. 

Typical FCC-type practice examinations have been added following 
each element. These examinations have been structured carefully to 


cover all the vital topics of each element. Answers for these tests appear 
in the back of the book, and a text question number directly relating to 
the particular test question appears next to each answer in order to 
assist the student in obtaining additional information, or to help the 
student to better understand a difficult test question. These exams should 
be of great assistance to the student in passing the actual FCC tests. 
_Many of the previously existing answers to questions (such as in 
Q.3.09 and Q.3.36) have been expanded or clarified. It is anticipated 
that some of the new material added may appear on some FCC exam- 
inations. Two additional questions and answers (not found in FCC 
documents) much simpler in nature than the original have been added 
to Q.3.09 because they are more representative of the questions that 
might appear on FCC examinations. 

Because of the increasing use of solid-state equipment, it is antici- 
pated that FCC examinations will contain more questions on transistors 
and transistor circuitry. Consequently, many solid-state schematics and 
discussions have been added to existing FCC questions. In addition, a 
completely new group of transistor questions (not in FCC documents) 
has been added (Q.3.192(A) through Q.3.192(U), immediately follow- 
ing original Question 3.192). 

The student is referred to the unusually comprehensive Index, which 
includes a complete listing of the additional transistor circuits. The 
student is also urged to read the Introduction to the Index, in order to 
benefit fully from the extensive special entries. 

A new addendum is included immediately following Element I. This 
addendum is based on an FCC publication and contains important ma- 
terial for all students. : 

Each element in this book contains a number of questions directly 

related to FCC Rules and Regulations. These have been completely 
updated in this edition. This is also true for the selected FCC Rules 
and Regulations and other related topics which are found in Appendices 
I through IV. In addition, many of the R & R references appearing 
directly after certain questions for the various Elements have been 
updated in accordance with the newly revised FCC Rules and Regula- 
tions. (The complete text of these newly revised Rules and Regulations 
_ may be purchased from the United States Government Printing Office.) 

As in previous editions, most of the Questions (with certain excep- 
tions) and their order and grouping are precisely the same as in the 
latest issue of the FCC Study Guide and Supplements. As an example, 
Element III is divided into the following categories: 


1. Alternating and direct current 
2. Electron tubes 

3. Indicating instruments 

4, Oscillators 


5. Audio amplifiers 

6. Radio-frequency amplifiers 
7. Transmitters 

8. Amplitude modulation 

9. Frequency modulation 

10. Transistors 

11. Antennas 

12. Transmission lines | 
13. Frequency measurements 
14. Batteries 

15. Motors and generators 

16. Microwave equipment 

17. Troubleshooting 


One can see from this listing that the book contains considerable infor- 
mation about electricity and electronics. As such, it may serve as a valu- 
able review and reference book. 

Examinations on the various elements required for a particular class 
of license are given only in ascending order. The student must demon- 
strate that he has passed the elements required for the lowest class of 
license before being permitted to take the examinations for higher 
numbered elements. For example, if a student should desire to acquire 
a Radiotelephone Second-Class Operator License, he must first demon- 
strate that he has passed Elements I and II before he will be permitted 
to take Element III. Then, if he passes Element III, he will be eligible 
for the Second-Class License; if he fails Element III at this time, he will 


be eligible for the Radiotelephone Third-Class Operator License and 


must make an appointment to retake the examination for Element III 
at a later date. 

Similarly, if a student desires a Radiotelephone First-Class Operator 
License and passes Elements I, II, and III but fails Element IV, he will 
be eligible for a Radiotelephone Second-Class License and must return 
ata later date for reexamination in Element IV to qualify for the Radio- 
telephone First-Class License. A Ship Radar Endorsement may be added 
to a First- or Second-Class Radiotelephone (or Radiotelegraph) License 
if the operator passes Element VIII, Ship Radar Techniques. 

Two useful supplements to this book in preparing for the Radio- 
telephone Second Class Operator License with the Ship Radar Endorse- 
ment and also for the Radiotelephone First Class Operator License are: 


1. Practice FCC-Type Exams for Radiotelephone Operator's License 
—2nd Class, by Richard J. Smith and Victor F. C. Veley. 

2. Practice FCC-Type Exams for Radiotelephone Operator's License 
—1st Class, by Richard J. Smith and Victor F. C. Veley. 


Both of these volumes are also published by the Hayden Book Com- 
pany. They contain a number of typical FCC-type examinations, with 
answers and discussions. The author of Radio Operator’s License 
Q & A Manual, Milton Kaufman is the technical consultant for the two 
above-mentioned supplementary books. 


The author is deeply grateful to Mr. Ed Williamson and Mr. Bernard 
Grob of RCA Institutes and Rossiter Marvier Schoenkfield and Patrick 
A. Scifo of the Sperry Gyroscope Company for invaluable assistance and 
criticism given during the preparation of the manuscript. In addition, 
the author wishes to express his appreciation to his wife, Hazel, for 
typing the manuscript. 

MILTON KAUFMAN 
New Hyde Park, N.Y. 
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ELEMENT I 


BASIC LAW 


(Note: References which appear after questions in all Elements give the law 
or regulation involved in answering the questions. Abbreviations used are as 
follows: Sec. refers to a section of the Communications Act of 1934; Art. 
refers to an article of the International Radio Regulations (Atlantic City, 
1947); R & R refers to a provision of the Rules and Regulations of the Federal 
Communications Commission; and GLR refers to regulations annexed to the 
Agreement Between the United States and Canada for Promotion of Safety 
on the Great Lakes by Means of Radio.) 


Question 1.01. Where and how are FCC licenses and permits ob- 
tained? (R & R 13.11(a)) 


Answer. In general, an operator license or permit is obtained by mak- 
ing application to the regional FCC office and by passing such examina- 
tion elements as are required for the particular class of license desired. 
In the case of a restricted radiotelephone permit, no written or oral 
examination is required, but proper application must be made. 


Discussion. See the Preface for a list of requirements regarding the 
various classes of licenses and endorsements. 


Q. 1.02. When a licensee qualifies for a higher grade of FCC 
license or permit, what happens to the lesser grade license? (R & R 
13.3(b), 13.26) 


A. If the higher grade of license is in the same group, the lesser 
grade will be cancelled upon the issuance of a new license. 


Q. 1.03. Who may apply for an FCC license? (R & R 13.5(a)) 


A. Commercial operator licenses are issued to: United States citi- 
zens, United States nationals, citizens of the Trust Territory of the 
Pacific Islands presenting valid identity certificates issued by the High 
Commissioner of the Trust Territory, aliens holding Federal Aviation 
Administration pilot certificates, and aliens holding Federal Communi- 


] 
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cations Commission station licenses, but the operator license will be 
valid only for operating the station licensed in the name of the alien. 


Q. 1.04. If a license or permit is lost, what action must be taken by 
the operator? (R & R 13.71, 13.72) | 


A. An operator whose license or permit has been lost, mutilated or 
destroyed shall notify the Commission. 


D. An application for a duplicate should be submitted to the office 
of issue embodying a statement attesting to the facts thereof. If a license 
has been lost, the applicant must state that reasonable search has been 
made for it, and further, that in the event it be found either the original 
or the duplicate will be returned for cancellation. The applicant must 
also give a statement of the service that has been obtained under the 
lost license. 


Q. 1.05. What is the usual license term for radio operators? (R & R 
13.4(a)) 


A. Five (5) years. 


Q. 1.06. What government agency inspects radio stations in the 
US.? (Sec. 303(n)) 


A. The Federal Communications Commission. 


D. The licensee of any radio station shall make the station available 
to: inspection by representatives of the Commission at any reasonable 
hour and under the regulations governing the class of station concerned. 


Q. 1.07. When may a license be renewed? (R & R 13.11) 
A. Within one year before expiration. 


D. However, a grace period exists which extends the renewal time to 
one year after the expiration of the license. Of course, the licensee may 
not operate with an expired license. 


Q. 1.08. Who keeps the station logs? (R & R 73.111) 
A. The licensee or permittee of each broadcast station. 


D. Each log shall be kept by the person or persons competent to do 
so, having actual knowledge of the facts required. Such person(s) shall 
sign the appropriate log when starting duty and again when going 
off duty. 


Q. 1.09. Who corrects errors in the station logs? (R & R 73.111) 


A. If corrections or additions are made on the log after it has been 
signed, explanation must be made on the log or an attachment to it, 
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dated and signed by either the person who kept the log, the station 
program director or manager, or an officer of the licensee. 


Q. 1.10. How may errors in the station logs be corrected? (R & R 
73.111) 


A. See Question 1.09. 


Q. 1.11. Under what conditions may messages be rebroadcast? (Sec. 


325(a)) 


A. No broadcasting station shall rebroadcast the program or any part 
thereof of another broadcasting station without the express authority of 
the originating station. 


Q. 1.12. What messages and signals may not be transmitted? (R & R 
13.66, 13.67, 13.68) 


A. The following may not be transmitted: 

1. Unnecessary, unidentified, or superfluous radio communications or 
signals. 

2. Obscene, indecent, or profane language or meaning. 

3. False or deceptive signals or communications by radio, or any call 
letter or signal which has not been assigned by proper authority to the 
radio station being operated. 


Q. 1.13. May an operator deliberately interfere with any radio com- 
munication or signal? (R & R 13.69) 


A. No. 


D. No operator shall willfully or maliciously interfere with or cause 
interference to any radio communication or signal. 


Q. 1.14. What type of communication has top priority in the mobile 
service? (Art. 37) 


A. Top priority is given to distress calls, distress messages, and dis- 
tress traffic. 


D. The order of priority for other communications is as follows: 

1. Communications preceded by the urgency signal. 

2. Communications preceded by the safety signal. 

3. Communications relating to radio-direction finding. 

4, Communications relating to the navigation and safe movement of 
aircraft. 

5. Communications relating to the navigation, movements, and needs 
of ships and weather observation messages destined for an official, mete- 
orological service. 
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6. Government radio telegrams: Priorité Nations. 

7. Government communications for which priority has been requested. 

8. Service communications relating to the working of the radio com- 
munications previously exchanged. 

9, Government communications other than those shown in 6 and 7 
above and all other communications. 


Q. 1.15. What are the grounds for suspension of operator licenses? 
(Sec. 303(m) (1)) 


A. The FCC has authority to suspend the license of any operator 
upon proof sufficient to satisfy the Commission that the licensee— 


1. Has violated any provision of any act, treaty, or convention binding 
on the United States, which the Commission is authorized to administer, 
or any regulation made by the Commission under any such act, treaty, 
or convention; or 

2. Has failed to carry out a lawful order of the master or person law- 
fully in charge of the ship or aircraft on which he is employed; or 

3. Has willfully damaged or permitted radio apparatus or installations 
to be damaged; or 

4. Has transmitted superfluous radio communications or signals or 
communications containing profane or obscene words, language, or mean- 
ing, or has knowingly transmitted false or deceptive signals or commu- 
nications, or a call signal or letter which has not been assigned by proper 
authority to the station he is operating; or 

5. Has willfully or maliciously interfered with any other radio com- 
munications or signals; or 

6. Has obtained or attempted to obtain, or has assisted another to ob- 
tain or attempt to obtain, an operator’s license by fraudulent means. 


Q. 1.16. When may an operator divulge the contents of an inter- 
cepted message? (Sec. 605) 


A. Only in the case of a radio communication broadcast transmitted 
by amateurs or others for the use of the general public; or in the case of 
messages relating to ships (or aircraft) in distress. 


Q. 1.17. Ifa licensee is notified that he has violated an FCC rule or 
provision of the Communications Act of 1934, what must he do? (R & R 
1.89) 


A. Within 10 days from receipt of notice or such other period as may 
be specified, the licensee shall send a written answer, in duplicate, direct 
to the office of the Commission originating the official notice. If an an- 
swer cannot be sent nor an acknowledgment made within such 10-day 
period by reason of illness or other unavoidable circumstances, acknowl- 
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edgment and answer shall be made at the earliest practicable date with 
a satisfactory explanation of the delay. 


D. The answer to each notice shall be complete in itself and shall 
not be abbreviated by reference to other communications or answers to 
other notices. In every instance the answer shall contain a statement of 
action taken to correct the condition or omission complained of and to 
preclude its recurrence. In addition: If the notice relates to violations 
that may be due to the physical or electrical characteristics of transmit- 
ting apparatus and any new apparatus is to be installed, the answer shall 
state the date such apparatus was ordered, the name of the manufacturer, 
and the promised date of delivery. If the installation of such apparatus 
requires a construction permit, the file number of the application shall 
be given, or if a file number has not been assigned by the Commission, 
such identification shall be given as will permit ready identification of 
the application. If the notice of violation relates to lack of attention to 
or improper operation of the transmitter, the name and license number 
of the operator in charge shall be given. 


Q. 1.18. If a licensee receives a notice of suspension of his license, 


what must he do? (R & R 1.85) 


A. He may make written application for a hearing to the Commis- 
sion (FCC) within 15 days of receipt of notice. 

D. Whenever grounds exist for suspension of an operator license, as 
provided in Section 303(m) of the Communications Act, the Chief of 
the Safety and Special Radio Services Bureau, with respect to amateur 
operator licenses, or the Chief of the Field Engineering Bureau, with 
respect to commercial operator licenses, may issue an order suspending 
the operator license. No order of suspension of any operator's license 
shall take effect until 15 days’ notice in writing of the cause for the 
proposed suspension has been given to the operator licensee, who may 
make written application to the Commission at any time within said 
15 days for a hearing upon such order. The notice to the operator li- 
censee shall not be effective until actually received by him, and from 
that time he shall have 15 days in which to mail the said application. 
In the event that physical conditions prevent mailing of the applica- 
tion before the expiration of the 15-day period, the application shall 
then be mailed as soon as possible thereafter, accompanied by a satisfac- 
tory explanation of the delay. 


Q. 1.19. What are the penalties provided for violating a provision 
of the Communications Act of 1934 or a Rule of the FCC? (Sec. 501, 
502) 


A. (a) Any person who willfully and knowingly does or causes or 
suffers to be done any act, matter, or thing, in the Communications Act, 
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prohibited or declared to be unlawful, or who willfully and knowingly 
omits or fails to do any act, matter, or thing in this Act required to be 
done, or upon conviction thereof, shall -be punished by such offense, for 
which no penalty (other than forfeiture) is provided therein, by a fine 
of not more than $10,000 or by imprisonment for a term of not more 
than one year, or both. For each subsequent offense the punishment 
shall be a fine of not more than $10,000, or imprisonment for a term 
not to exceed two years, or both. 


(b) For violation of a Rule of the FCC, a fine of not more than $500 
per day for each and every day of the offense is stipulated. 


Q. 1.20. What acts, when performed by an operator on board a 
voluntarily equipped ship, may make him liable to a monetary for- 
feiture? (Sec. 510) 


A. The acts are as specified below. If any radio station: 

(1) fails to identify itself at the times and in the manner prescribed 
in the rules and regulations of the Commission ; 

(2) transmits any false call contrary to regulations of the Com- 
mission ; 

(3) transmits unauthorized communications on any frequency desig- 
nated as a distress or calling frequency in the rules and regulations of 
the Commission; 

(4) interferes with any distress call or distress communication con- 
trary to the regulations of the Commission. 


D. The maximum amount of liability for violating any one of the 
above numbered clauses is $100. 

The forfeiture liability described above shall apply only for a willful 
or a repeated violation. 


Q. 1.21. Define ‘“‘harmful interference.” (Section III, Geneva, 
1959, Treaty) 


A. “Harmful interference” encompasses the following: any emission, 
radiation, or induction which endangers the functioning of a radionavi- 
gation service or of other safety services, or which seriously degrades, 
obstructs, or repeatedly interrupts a radiocommunication service oper- 
ating in accordance with these Regulations. 
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The following information, pertaining to Element I, does not appear 
as part of the preceding questions and answers for Element I. How- 
ever, such information is given in an FCC Study Guide, where it is 
described as material which may appear in FCC Element I examina- 
tions. The following additional information is therefore presented here 
for the benefit of the students, to ensure that they will be aware of all 
of the required information for the examination. 


BACKGROUND 


The Federal Communications Commission was created by the Com- 
munications Act of 1934 for the purpose of regulating interstate and 
foreign commerce in communication by wire and radio. One of the 
general powers given to the Commission is the authority to prescribe 
the qualifications of station operators, to classify them according to the 
duties to be performed, and, except for alien aircraft pilots, to issue 
commercial operator licenses only to United States citizens and na- 
tionals. (Section 1 and 303 (1) (1)) 


POSTING OPERATOR LICENSES 


Most third-class operator permits are required to be posted at the 
operator's place of duty. When an application for a duplicate, replace- 
ment, or renewal of a commercial operator license 1s submitted, the 
license then held, if available, must accompany the application. In this 
case the operator may post a signed copy of the application submitted 
by him in lieu of the license document. (R&R 13.72) 


FAILING AN EXAMINATION ELEMENT 
An applicant who fails a commercial operator examination element 
will be ineligible to retake that same element for a two-month period. 
(R&R 13.27) 


SUSPENSION OF OPERATOR LICENSES 


Upon receipt by the Commission of application for hearing, the 
order of suspension shall be held in abeyance until the conclusion of the 
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hearing which shall be conducted under such rules as the Commission 
may prescribe. Upon the conclusion of the hearing the Commission 
may affirm, modify, or revoke its order of suspension. (Section 303 (m) 
(2) and R&R 1.85). : 


FALSE DISTRESS SIGNALS 


No person within the jurisdiction of the United States shall know- 
ingly utter or transmit, or cause to be uttered or transmitted, any false 
or fraudulent signal of distress, or communication relating thereto. (Sec- 
tion 325 (a) ) 


DISTRESS TRAFFIC 


Each station licensee shall give absolute priority to radiocommunica- 
tions or signals relating to ships or aircraft in distress. The control of 
distress traffic is the responsibility of the mobile station in distress. Any 
station which becomes aware that a mobile station is in distress may 
retransmit the distress message when there is reason to believe that the 
distress call it has intercepted has not been received by any station in 
a position to render aid. (R&R 2.401, 2.402, and 2.403) 


OPERATION DURING EMERGENCY 


The licensee of any station (except amateur, standard broadcast, FM 
broadcast, noncommercial educational FM broadcast, or television broad- 
cast) may, during a period of emergency in which normal communica- 
tion facilities are disrupted as a result of hurricane, flood, earthquake, 
or similar disaster, utilize such station for emergency communication 
service in communicating in a manner other than that specified in the 
instrument of authorization. (R&R 2.405) 
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FCC-TYPE SAMPLE TEST FOR ELEMENT I 


I-1. When may an operator deliberately interfere with radio com- 
munications? (Q. 1.13) 
(a) Between 12 midnight and 6 A.M. 
(b) At no time. 
(c) When sending government radio telegrams. 
(d) When rebroadcasting the program of another station. 
(e) None of the above. 
I-2. The penalty for violating a rule of the FCC is: (Q. 1.19) 
(a) A $10,000 fine. 
(b) Revocation of the operator’s license. 
(c) Suspension of the operator’s license. 
(d) $500 per day maximum for each day of the offense. 
(e) $50 per day for each day of the offense. 
I-3. The penalty for violating a provision of the Communications 
Act of 1934 (first offense) is: (Q. 1.19) 
(a) An official warning. 
(b) Suspension of the operator’s license for 90 days. 
-(c) A fine of not more than $10,000, 01 imprisonment for not more 
than one year, or both. 
(d) A fine of not more than $1,000, or imprisonment for not more 
than one year, or both. 
(e) A fine of not more than $10,000, or imprisonment for not more 
than two years, or both. 
I-4. One of the grounds for suspension of an operator’s license 1s: 
(OP 1,15) 
(a) Has failed to carry out a lawful order of the master tn charge 
of the ship on which he is employed. 
(b) Has failed to keep correct station logs. 
(c) Has failed to put in the correct number of working hours at 
his station. 
(d) Has permitted his station to operate off frequency. 
(e) None of the above. 
I-5. The following messages or signals may not be transmitted: (Q. 
1.12) | 
(a) Government communications relating to aircraft schedules. 
(b) Unidentified radio signals. 
(c) Communications relative to station log entries. 
(d) Private messages. 
(e) Communications relative to ship schedules. 
I-6. Messages may be rebroadcast under the following condition: (Q. 
Tei) 
(a) If a proper entry is made in the station log. 
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(b) If requested by the master of the ship. 

(c) Only by an operator having a first-class radiotelephone or radio- 

telegraph license. 

(d) By permission of the originating station. 

(e) Between 12 midnight and 6 aM. 

I-7. The usual license term for radio operators is: (Q. 1.05) 

(a) One year. 

(b) Three years. 

(c) Two years. 

(d) Four years. 

(e) None of the above. 

I-8. Where may FCC licenses be obtained? (Q. 1.01) 

(a) At the regional FAA office. 

(b) At any state licensing agency. 

(c) At any Federal licensing agency. 

(d) At any regional FCC office. 

(e) Only at the Washington, D.C., FCC office. 

I-9. The following persons may apply for an FCC license: (Q. 1.03) 

(a) Holders of any foreign radio operator’s license. 

(b) Only holders of a restricted radio license. 

(c) Citizens or other nationals of the United States. 

(d) Aliens who have applied for citizenship. 

(e) Persons who have graduated from an approved radio school. 
I-10. The three top priority types of communications, in their correct 
order, are: (Q. 1.14) 

(a) Distress, urgency, and safety. 

(b) Urgency, distress, and safety. 

(c) Distress, safety, and navigation. 

(d) Distress, urgency, and navigation. 

(e) Distress, urgency, and government. 

I-11. An operator may divulge the contents of an intercepted message 
only: (Q. 1.16) 

(a) When authorized by a first-class license holder. 

(b) When authorized by the master of a ship or aircraft. 

(c) If it relates to distress, or is for the use of the general public. 

(d) If it relates to government communications. 

(e) If it is an internal company message. 

I-12. The agency which is authorized to inspect radio stations in the 
United States is: (Q. 1.06) 

(a) The Federal Aviation Administration. 

(b) Any authorized Federal agency. 

(c) The local State Communications Administration. 


(d) The Federal Communications Commission. 
(e) None of the above. 
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I-13. An operator’s license may be renewed: (Q. 1.07) 
(a) Every three years. 
(b) Only after it has expired. 
(c) Only if proof of operation is given. 
(d) Automatically. 
(e) Within one year before expiration. 
I-14. Station logs are kept by: (Q. 1.08) 
(a) The owner of the station. 
(b) The licensee or permittee of each station. 
(c) Only the individual in charge of maintenance of the station 
equipment. 
(d) Any individual having a proper operator’s license. 
(e) Only by an operator who has never been convicted of violating 
a provision of a rule of the FCC. 
I-15. If a licensee receives a notice of suspension of his license, he 
must: (Q. 1.18) | 
(a) Immediately cease to operate any station. 
(b) Make written application for a hearing within 15 days. 
(c) Make written application for a hearing within 30 days. 
(d) Immediately mail his license to the FCC, pending a hearing. 
(e) Wait for additional instructions from the FCC. 
I-16. If a licensee has been notified that he has violated an FCC rule, 
he must send a written answer: (Q. 1.17) 
(a) To the Washington, D.C., office, within 15 days. 
(b) To the originating FCC office, within 10 days. 
(c) To the originating FCC office, within 15 days. 
(d) To the Washington, D.C., FCC office, within 10 days. 
(e) To the originating FAA office, within 10 days. 
I-17. Errors in the station log may be corrected by: (Q. 1.09) 
(a) Erasing the erroneous material and writing over it in a neat 
mannet. 
(b) Anyone working in the station. 
(c) Anyone possessing a first- or second-class operator's license. 
(d) Only the person originating the entry. 
(e) Only a person designated by the manager of the station or the 
master of a ship. 
I-18. If an operator loses his license, he must: (Q. 1.04) 
(a) Notify the FCC within 15 days. 
(b) Notify the FAA within 15 days. 
(c) Notify the FCC immediately. 
(d) Not operate any station. 
(e) None of the above. 
I-19. Unidentified radio communications may be transmitted under 
the following condition: (Q. 1.12) 
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(a) For distress messages. 

(b) Under no condition. 

(c) For urgency calls. 

(d) For government communications. 


(e) For weather messages. 
1-20. If a licensee has a second-class radiotelephone license and then 


qualifies for a first-class radiotelephone license, the lesser grade of 
license: (Q. 1.02) 

(a) Remains in force. 

(b) Is needed to perform maintenance on the station. 

(c) Will be cancelled. 

(d) Must be immediately mailed back to the FCC. 

(e) Is still effective for routine communications. 


ELEMENT II 


BASIC OPERATING PRACTICE 


(Note: The questions of Element Il have been subdivided into two categories. 
The candidate for a license may elect to answer questions in the general cate- 
gory (O), or to answer questions in marine category (M)). 


CATEGORY “O” — GENERAL 


Question 2.01. What should an operator do when he leaves a trans- 
mitter unattended? 


Answer. If an operator leaves a transmitter unattended, the trans- 
mitter must be made inaccessible or inoperable with respect to all 
unauthorized persons. 


Q. 2.02. What are the meanings of clear, out, over, roger, words 
twice, say again, and break? 


A. 1. The word “clear” signifies that the transmission is ended and 
that no response is expected. 
2. The word “out” signifies that the conversation is ended and that 


no response is expected. 
3. The word “over” signifies “My transmission is ended and I expect 


a response from you.” 
4. The word “roger” signifies “I have received all of your last trans- 
mission.” 
5. The words “words twice” means: 
(a) As a request: “Communication is difficult. Please send every 
phrase twice.” 
(b) As information: “Since communication is difficult every phrase 
in this message will be sent twice.” 
6. The words “say again” signifies repeat. 
7. The word “break” signifies a separation between portions of a 


message. 
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Q. 2.03. How should a microphone be treated when used in noisy 
locations? 


A. The microphone should be shielded with the hands in order to 


reduce outside noises thus making communications more intelligible. 


D. In severe cases, special noise-canceling microphones may be used. 


Q. 2.04. What may happen to the received signal when an operator 
has shouted into a microphone? 


A. Shouting into the microphone is poor practice, because while it 
probably will not injure the microphone, it may very well overdrive some 
speech amplifier or cause overmodulation. Either of these effects may 
cause severe distortion of the speech and possible interference with adja- 
cent channels. : 


Q. 2.05. Why should radio transmitters be “off” when signals are 
not being transmitted? 


A. To prevent interference with other stations using the channel. 


D. Even if an unmodulated carrier is transmitted, it may cause heter- 
odyning interference with other station carriers, making communication 


very difficult. 
Q. 2.06. Why should an operator use well-known words and phrases? 


A. The operator should use simple language and well-known words 
and phrases to ensure accurate, efficient communications and to eliminate 
repetition as much as possible. 


Q. 2.07. Why is the station’s call sign transmitted? 


A. The station’s call sign should be transmitted in order to clearly 
identify the originator of messages being transmitted. 


Q. 2.08. Where does an operator find specifications for obstruction 
marking and lighting (where required) for the antenna towers of a par- 
ticular radio station? 


A. Specifications are found in Part 17 of the Rules and Regulations 
of the FCC (R & R 17.23, 17.25, 17.27, and 17.43). 


Q. 2.09. What should an operator do if he hears profanity being 
used at his station? 


A. He should take steps to conclude the transmission and enter the 
details in the station log. The incident should be reported to the FCC. 


Q. 2.10. When may an operator use his station without regard to 
certain provisions of his station license? (R & R 2.405) 
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A. The licensee of any station, except amateur, may, during a period 
of emergency in which normal communication facilities are disrupted 
as a result of hurricane, flood, earthquake or similar disaster, utilize 
such station for emergency communication service in communicating in 
a manner other than that specified in the instrument of authorization. 


Q. 2.11. Who bears the responsibility if an operator permits an un- 
licensed person to speak over his station? 


A. The licensed operator in charge of the station always bears the 
responsibility for its operation, regardless of who is speaking over it. 


Q. 2.12. What is meant by a “phonetic alphabet” in radiotelephone 
communications? 


A. A phonetic alphabet is one in which each letter is associated with 
a particular word. For example: A—Alpha, B—Bravo, C—Charlie, etc. 


D. A phonetic alphabet is used in radiotelephone communication to 
ensure that certain letters or words are clearly understandable to the re- 
ceiving station. 


Q. 2.13. How does the licensed operator of a station normally ex- 
hibit his authority to operate the station? 


A. The original license of each station operator shall be posted at the 
place where he is on duty or kept in his possession in the manner 
specified in the regulations governing the class of station concerned. 


Q. 2.14. What precautions should be observed in testing a station on 
the air? 


A. The operator should listen on the transmission frequency to en- 
sure that interference will not be caused to a communication in progress. 


FCC-TYPE SAMPLE TEST FOR ELEMENT II 
(CATEGORY ‘O’”—GENERAL) 


II-1(O). A station’s call sign is transmitted: (Q. 2.07) 

(a) For the purpose of testing the transmitter. 

(b) To allow the receiving station to tune his receiver properly. 

(c) To identify clearly the originator of the messages. 

(d) To identify clearly the receiver of the messages. 

(e) To fill in ‘‘dead’’ air time. 
II-2(0). When an operator leaves his transmitter unattended, he 
must: (Q. 2.01) 

(a) Place it on automatic operation. 

(b) Make it inaccessible or inoperable to all unauthorized persons. 
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(c) Post a notice on the station door, stating when he intends to 
return. 
(d) Be certain it is operating properly and on the correct frequency. 
(e) Make prior notification to the regional FCC office. 
II-3(O). An operator should check for possible communications in 
progress on his assigned frequency prior to: (Q. 2.14) 
(a) Increasing the power of his transmitter. 
(b) Changing the frequency of his transmitter. 
(c) Testing his station on the air. 
(d) Transmitting station identification. 
(e) None of the above. 
II-4(O). Accurate and efficient communications are helped by: (Q. 
2.06) 
(a) The use of simple phrases and well-known words. 
(b) The use of the lowest possible transmitting power. 
(c) Using low levels of amplitude modulation. 
(d) Maximum repetition of phrases. 
(e) Selective overmodulation of the transmitter. 
1I1-5(O). If a transmission is ended and no response 1s expected, the 
transmission is ended with the word: (Q. 2.02) 
(a) Out. 
(b) Over. 
(c) Roger. 
(d) Break. 
(e) None of the above. 
1I-6(O). A phonetic alphabet (ex.: A—Alpha) is sometimes made 
use of in radio communications to: (Q. 2.12) 
(a) Extend the range of transmission. 
(b) Reduce the average modulation percentage. 
(c) Ensure that certain words or letters are clearly understandable. 
(d) Reduce charges for some types of radiotelegrams. 
(ec) Transmit weather information by radio. 
IIl-7(O). To prevent interference from other transmitters using a 
common channel: (Q. 2.05) 
(a) A low level of modulation should be used. 
(b) Only frequency modulation should be employed. 
(c) Phase modulation is preferred. 
(d) All transmitters not involved in the particular transmission 
should be off. | 
(e) The microphone should be held several inches away from the 
operator’s lips. 
II-8(O). The word ‘“‘clear’’ signifies that the transmission: (Q. 2.02) 
(a) Is ended and that a response is expected. 
(b) Is ended and that no response is expected. 
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(c) Cannot be continued because of transmitter problems. 

(d) Has been received and completely understood. 

(e) Should be repeated. 
II-9(O). The original license of each station operator shall be: (Q. 
2.13) 

(a) Kept in a safe place, such as a safety deposit box. 

(b) Duplicated and the duplicate posted at the station. 

(c) Posted at his station, or kept in his possession. 

(d) Given into the safekeeping of the station manager or the master 

of his ship. 

(e) Displayed only when he is testing the station. 
II-10(O). If an operator shouts into a microphone, this may: (Q. 
2.04) 

(a) Cause voice strain. 

(b) Damage the microphone. 

(c) Cause interference with adjacent channels. 
_(d) Reduce the effective distance of transmission. 

(e) None of the above. 
II-11(O). If communication is difficult, the receiver may send the 
following request: (Q. 2.02) 

(a) Speak louder. 

(b) Speak closer to the microphone. 

(c) Speak farther from the microphone. 

(d) Increase your transmitter power. 

(ce) Words twice. 
II-12(O). If an unlicensed person speaks over a station, this is the 
responsibility of: (Q. 2.11) 

(a) The licensed operator in charge of the station. 

(b) The Federal Communications Commission. 

(c) The manager-of the station. 

(d) Any license holder at the station. 

(e) The Federal Bureau of Investigation. 
T]-i3(O). If an operator hears profanity being broadcast over his 
station, he should: (Q. 2.09) 

(a) Ignore it, as no censorship is permitted. 

(b) Report it to the station manager. 

(c) Caution the operator, but take no further steps. 

(d) Have the transmission concluded and report it to the Federal 

Communications Commission. 
e) Immediately shut down the transmitter. 

II-14(0). When an operator wishes a repeat of a transmission or a 
portion thereof, he will say: (Q. 2.02) 

(a) Say again. 

(b) Please repeat. 
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(c) I did not understand the last transmission. 

(d) Your last transmission was not clear. 
_(e) Your transmission is breaking up. 
II-15(O). A separation between portions of a message ts signified by 
the word: (Q. 2.02) 

(a) Separate. 

(b) Space. 

(c) Break. 

(d) Hyphen. 

(e) Colon. : 
II-16(O). A microphone should be shielded with the hands: (Q. 
2:03, 

(a) To protect it from the wind. 

(b) To reduce outside noises. 

(c) In cold weather. 

(d) To improve the high-frequency response. 

(e) To increase its output. 
II-17(O). Specifications for obstruction marking and lighting for an- 
tenna towers are found: (Q. 2.08) 

(a) Ona plate fastened to the antenna. 

(b) In the regulations of the Federal Aviation Administration. 

(c) In the regulations of the State Aviation Authority. 

(d) In Part 17 of the Rules and Regulations of the FCC. 

(e) In Part 57 of the Rules and Regulations of the FCC. 
II-18(0). When communications are disrupted as a result of a di- 
saster, the licensee of a station may: (Q. 2.10) 

(a) Shut down his station. 

(b) Decrease the power of his station. 

(c) Utilize the station for emergency communications. 

(d) Operate his station with unlicensed personnel. 

(e) None of the above. 
II-19(O). When an operator has ended a transmission and expects a 
response, he uses the word: (Q. 2.02) 

(a) Respond. 

(b) Reply. 

(c) Roger. 

(d) Over. 

(6) Break. 
II-20(0). When an operator wishes to indicate that he has received 
all of the last transmission, he uses the word: (Q. 2.02) 

(a) Received. 

(b) Roger. 

(c) Over. 

(d) OK. 

(e) Clear. 
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CATEGORY “M’”—MARITIME 


Q. 2.01. What is the importance of the frequency 2182 kHz? 
(R & R 83.352, 83.353(a) ) 

A. This frequency may be used in two ways: 

1. It is the international distress frequency for radiotelephony, ships, 
aircraft and survival-craft stations. 

2. It is the international general radiotelephone calling frequency for 
the maritime mobile service. 


Q. 2.02. Describe completely what actions should be taken by a 
radio operator who hears a distress message; a safety message. (R & R 
83.239, 83.240, 83.241, 83.242) 


A. 1. How to acknowledge a distress message: 


(a) Stations of the maritime mobile service which receive a distress 
message from a mobile station which is, beyond any possible doubt, in 
their vicinity, shall immediately acknowledge receipt. However, in areas 
where reliable communication with one or more coast stations are prac- 
ticable, ship stations may defer this acknowledgment for a short interval 
so that a coast station may acknowledge receipt. 

(b) Stations of the maritime mobile service which receive a distress 
message from a mobile station which, beyond any possible doubt, is not 
in their vicinity, shall allow a short interval of time to elapse before 
acknowledging receipt of the message, in order to permit stations nearer 
to the mobile station in distress to acknowledge receipt without inter- 
ference. 


2. Form of acknowledgment: 


(a) The acknowledgment of receipt of a distress message is trans- 
mitted, when radiotelegraphy is used, in the following form: 

(1) The call sign of the station sending the distress message, sent 
three times; 

(2) The word DE; 

(3) The call sign of the station acknowledging receipt, sent three 
times; 

(4) The group RRR; 

(5) The distress signal SOS. 

(b) The acknowledgment of receipt of a distress message is trans- 
mitted, when radiotelephony is used, in the following form: 

(1) The call sign or other identification of the station sending the 
distress message, spoken three times; 

(2) The words THIS IS; 

(3) The call sign or other identification of the station acknowledging 
receipt, spoken three times; 

(4) The word RECEIVED; 

(5) The distress signal MAYDAY. 
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3. Information furnished by acknowledging station: 


(a) Every mobile station which acknowledges receipt of a distress 
message shall, on the order of the master or person responsible for the 
ship, aircraft, or other vehicle carrying such mobile station, transmit as 
soon as possible the following information in the order shown: 

(1) Its name; 

(2) Its position, in the form prescribed in R & R 83.236(c); 

(3) The speed at which it is proceeding toward, and the approxi- 
mate.time it will take to reach, the mobile station in distress. 

(b) Before sending this message, the station shall ensure that it will, 
not interfere with the emissions of other stations better situated to render 
immediate assistance to the station in distress. 


4. Transmission of distress message by a station not itself in distress: 


(a) A mobile station or a land station which learns that a mobile sta- 
tion is in distress shall transmit a distress message in any of the follow- 
ing cases: 


(1) When the station in distress is not itself in a position to trans- 
mit the distress message; 

(2) When the master or person responsible for the ship, aircraft, or 
other vehicle not in distress, or the person responsible for the land sta- 
tion, considers that further help is necessary; 

(3) When, although not in a position to render assistance, it has 
heard a distress message which has not been acknowledged. When a 
mobile station transmits a distress message under these conditions, it 
shall take all necessary steps to notify the authorities who may be able to 
render assistance. 


(b) The transmission of a distress message under the conditions pre- 
scribed in paragraph (a) of this section shall be made on either or both 
of the international distress frequencies (500-kHz radiotelegraph ; 
2182-kHz radiotelephone) or on any other available frequency on 
which attention might be attracted. 

(c) The transmission of the distress message shall always be preceded 
by the call indicated below, which shall itself be preceded whenever pos- 
sible by the radiotelegraph or radiotelephone alarm signal. This call con- 
sists of: 

(1) When radiotelegraphy is used: 

(i) The signal DDD SOS SOS SOS DDD; 

(ii) The word DE. 

(iii) The call sign of the transmitting station, sent three times; 

(2) When radiotelephony is used: 

(i) The signal MAYDAY RELAY, spoken three times; 

(ii) The words THIS IS; : 

(iii) The call sign or other identification of the transmitting station, 
spoken three times. 
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(d) When the radiotelegraph alarm signal is used, an interval of two 
minutes shall be allowed, whenever this is considered necessary, before 
the transmission of the call mentioned. 


5. Safety Message: A safety message is one which provides informa- 
tion concerning the safety of navigation, or important meteorological 
warnings. A radio operator receiving such a message should immediately 
forward the message to the ship’s master. 


Q. 2.03. What information must be contained in distress messages? 
What procedure should be followed by a radio operator in sending a 
distress message? What is a good choice of words to be used in sending 
a distress message? (R & R 83.234 through 83,238) 


A. 1. The following information must be contained in distress mes- 
sages: 

The message shall include the distress call followed by the name of 
the ship, aircraft, or the vehicle in distress, information regarding the 
position of the latter, the nature of the distress and the nature of the 
help requested, and any other further information which might facilitate 
this assistance. 


2. The following procedure should be followed: 
(a) Distress signals: 


(1) The international radiotelegraph distress signal consists of the 
group “three dots, three dashes, three dots” (-..-——-—---), sym- 
bolized herein by SOS, transmitted as a single signal in which the dashes 
are slightly prolonged so as to be distinguished clearly from the dots. 

(2) The international radiotelephone distress signal consists of the 
word MAYDAY, pronounced as the French expression “m’aider.” 

(3) These distress signals indicate that a mobile station is threatened 
by grave and imminent danger and requests immediate assistance. 

(b) Radiotelephone distress call and message transmission procedure: 

(1) The radiotelephone distress procedure shall consist of: 


(i) The radiotelephone alarm signal (whenever possible); 
(ii) The distress call; 
(iii) The distress message. 


(2) The radiotelephone distress transmissions shall be made slowly and 
distinctly, each word being clearly pronounced to facilitate transcription. 

(3) After the transmission by radiotelephony of its distress message, 
the mobile station may be requested to transmit suitable signals followed 
by its call sign or name, to permit direction-finding stations to determine 
its position. This request may be repeated at frequent intervals if nec- 
essary. 

(4) The distress message, preceded by the distress call, shall be re- 
peated at intervals until an answer is received. This repetition shall be 
preceded by the radiotelephone alarm signal whenever possible. 
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(5) When the mobile station in distress receives no answer to a dis- 
tress message transmitted on the distress frequency, the message may be 
repeated on any other available frequency on which attention might be 
attracted. 


3. A suitable choice of words would be “Mayday, Mayday, Mayday, 
this is Trans Ocean Airlines Flight 907, 14 miles due East of Cape Hat- 
teras, three engines out, require immediate assistance to pick up all on 
board after ditching. Estimate ditching to occur in 30 seconds; number 
3 engine on fire, Over.” 


Q. 2.04. What are the requirements for keeping watch on 2182 
kHz? If a radio operator is required to “stand watch” on an inter- 
national distress frequency, when may he stop listening? (R & R 
83.223) 


(a) Each ship station on board a ship navigating the Great Lakes 
and licensed to transmit by telephony on one or more frequencies within 
the band 1605 to 3500 kHz shall, during its hours of service for 
telephony, maintain an efficient watch for reception of A3 and A3H 
emissions on the authorized carrier frequency 2182 kHz, whenever the 
station is not being used for transmission on that frequency or for 
communication on other frequencies in this band. 

(b) Except for stations on board vessels required by law to be fitted 
with radiotelegraph equipment, each ship station (in addition to those 
ship stations specified in paragraph (a) of this section) licensed to 
transmit by telephony on one or more frequencies within the band 
1605 to 3500 kHz shall, during its hours of service for telephony, 
maintain an efficient watch for the reception of A3 and A3H emissions 
on the authorized carrier frequency 2182 kHz, whenever such station is 
not being used for transmission on that frequency or for communica- 
tion on other frequencies in this band. When the ship station is in 
Region 1 or 3, such watch shall, insofar as is possible, be maintained 
at least twice each hour for 3 minutes commencing at x h. 00 and 
x h. 30, Greenwich Mean Time (GMT). 


Q. 2.05. Under what circumstances may a coast station contact a land 
station by radio? (R & R 81.302(a) (2)) 


A. For the purpose of facilitating the transmission or reception of 
safety communication to or from a ship or aircraft station. 


Q. 2.06. What do distress, safety, and urgency signals indicate? What 
are the international urgency, safety, and distress signals? In the case of 
a mobile radio station in distress what station is responsible for the con- 
trol of distress message traffic? (R & R 83.234 through 83.249) 


Element II Bastc OPERATING PRACTICE 23 


A. 1. (a) The distress signal (MAYDAY) indicates that the ship, 
aircraft or any other vehicle which sends the distress signal is threatened 
by serious and imminent danger and requests immediate assistance. 

(b) The safety signal (SECURITY) announces that the station is 
about to transmit a message concerning the safety of navigation or giv- 
ing important meteorological warnings. Hence, it should precede such 
a transmission. 

(c) The urgent signal (PAN) shall indicate that the calling station 
has a very urgent message to transmit concerning the safety of a ship, an 
aircraft, or another vehicle, or concerning the safety of some person on 
board or sighted from on board. 

2. The control of distress traffic shall be the responsibility of the 
mobile station in distress or upon the station which, by application of 
the provisions of the Commission’s rules and regulations has sent the 
distress call. These stations may delegate the control of the distress 
traffic to another station. 


Q. 2.07. In regions of heavy traffic why should an interval be left 
between radiotelephone calls? Why should a radio operator listen before 
transmitting on a shared channel? How long may a radio operator in 


the mobile service continue attempting to contact a station which does 
not answer? (R & R 83.366) 


A. 1. An interval should be left (and is required by law) to permit 
other stations to share the radio channel. (See R & R 83.366 for details.) 

2. He should listen on the shared channel first to avoid disrupting 
communication which may already be in progress. 

3. Calling a particular station shall not continue for more than 30 
seconds in each instance. If the called station is not heard to reply, that 
station shall not again be called until after an interval of 2 minutes. 
When a station called does not reply to a call sent three times at intervals 
of 2 minutes, the calling shall cease and shall not be renewed until after 
an interval of 15 minutes; however, if there is no reason to believe that 
harmful interference will be caused to other communications in progress, 
the call sent three times at intervals of 2 minutes may be repeated after 
a pause of not less than 3 minutes. In event of an emergency involving 
safety, the provisions of this paragraph shall not apply. 


Q. 2.08. Why are test transmissions sent? How often should they 


be sent? What is the proper way to send a test message? How often 
should the station’s call sign be sent? (R & R 83.365) 


A. 1. Test transmissions are sent to ensure that the radio equipment 
is functioning normally. 


2. They should be sent each day unless normal use of the radiotele- 
phone installation demonstrates that the equipment is in proper operat- 
ing condition. 
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3. The official call sign of the testing station, followed by the word 
“test,” shall be announced on the radio-channel being used for the test, 
as a warning that test emissions are about to be made on that frequency. 

4. The station’s call sign shall be sent at the conclusion of each test 
message, which should not exceed 10 seconds. 


D. (a) Ship stations must use every precaution to insure that, Shh 
conducting operational transmitter tests, the emissions of the station 
will not cause harmful interference. Radiation must be reduced to the 
lowest practicable value and if feasible shall be entirely suppressed. 
When radiation is necessary or unavoidable, the testing procedure de- 
scribed below shall be followed: 

(1) The licensed radio operator or other person responsible for 
operation of the transmitting apparatus shall ascertain by careful listen- 
ing that the test emissions will not be likely to interfere with transmis- 
sions in progress; if they are likely to interfere with the working of a 
coast or aeronautical station in the vicinity of the ship station, the 
consent of the former station(s) must be obtained before the test 
emissions occur; (see required procedures in subparagraphs (2) and 
(3) of this paragraph following) ; 

(2) The applicable identification of the testing station, followed by 
the word “‘test’’ shall be announced on the radio channel being used 
for the test, as a warning that test emissions are about to be made on 
that frequency ; 

(3) If, as a result of the announcement prescribed in subparagraph 
(2) of this paragraph, any station transmits by voice the word “wait,” 
testing shall be suspended. When, after an appropriate interval of time 
such announcement is repeated and no response is observed, and care- 
ful listening indicates that harmful interference should not be caused, 
the operator shall, if further testing is necessary, proceed as set forth 
in subparagraphs (4) and (5) of this paragraph; 

(4) Testing of transmitters shall, insofar as practicable be confined 
to working frequencies without two-way communications; however, 
2182 kHz and 156.8 MHz may be used to contact other ship or coast 
stations when signal reports are necessary. U.S. Coast Guard stations 
may be contacted on 2182 kHz for test purposes only when tests are 
being conducted during inspections by Commission representatives or 
when qualified radio technicians are installing equipment or correcting 
deficiencies in the station radiotelephone equipment. In these cases the 
test shall be identified as “FCC” or “‘technical’’ and logged accordingly ; 

(5) When further testing is necessary beyond the two “test” an- 
nouncements specified in subparagraphs (2) and (3) of this para- 
graph, the operator shall announce the word “testing” followed in the 
case of a voice transmission test by the count “1, 2, 3, 4, * * * etc.” 
or by test phrases or sentences not in conflict with normal operating 
signals. The test signals in either case shall have a duration not exceed- 
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ing 10 seconds. At the conclusion of the test, there shall be voice 
announcement of the official call sign of the testing station. This test 
transmission shall not be repeated until a period of at least 1 minute 
has elapsed; on the frequency 2182 kHz or 156.8 MHz a period of at 
least 5 minutes shall elapse before the test transmission is repeated. 

(b) When testing is conducted on any frequency within the bands 
2173.5 to 2190.5 kHz, 156.75 to 156.85, 480 to 510 kHz (survival 
craft transmitters only), or 8362 to 8366 kHz (survival transmitters 
only), no test transmissions shall occur which are likely to actuate any 
automatic alarm receiver within range. Survival craft stations shall not 
be tested on the frequency 500 kHz during the 500 kHz silence periods. 


Q. 2.09. In the mobile service, why should radiotelephone messages 
be as brief as possible? 


A. It is a good policy to be brief to permit other stations to operate 
without interference and also from the standpoint of efficient station 
operation. 


Q. 2.10. What are the meanings of: Clear, Out, Over, Roger, Words 
Twice, Repeat, and Break? 


A. See Q. 2.02, Category “O” — General. 


Q. 2.11 Does the Geneva, 1959 treaty give other countries the au- 
thority to inspect U. S. vessels? (Art. 21) 


A. Yes. 


D. The governments or appropriate administrations of countries 
which a mobile station visits, may require the production of the license 
for examination. The operator of the mobile station, or the person re- 
sponsible for the station, shall facilitate this examination. The license 
shall be kept in such a way that it can be produced upon request. As 
far as possible, the license, or a copy certified by the authority which has 
issued it, should be permanently exhibited in the station. 


Q. 2.12. Why are call signs sent? Why should they be sent clearly 
and distinctly? 
A. 1. Call signs are sent to enable monitoring stations to identify the 


station of origin. 
2. They should be sent clearly and distinctly to avoid unneccessary 
repetition and to assist monitoring stations in identifying calls. 


Q. 2.13. How does the licensed operator of a ship station ex- 
hibit his authority to operate a station? (R & R 83.165) 


A. When a licensed operator is required for the operation of a sta- 
tion, the original license of each such operator while he is employed or 
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designated as-radio operator of the station shall be posted in a conspicu- 
ous place at the principal location on board ship at which the station is 
operated: Provided, that in the case of stations of a portable nature, 
including marine-utility stations, or in the case where the operator holds 
a restricted radiotelephone operator permit, the operator may in lieu of 
posting have on his person either his required operator license or a duly 
issued verification card (FCC form 758-F) attesting to the existence of 
that license. 


Q. 2.14. When may a coast station NOT charge for messages it is 
requested to handle? (R & R 81.179) 


A. 1. No charge shall be made by any station in the maritime mo- 
bile service of the United States for the transmission of distress messages 
and replies thereto in connection with situations involving the safety of 
life and property at sea. 

2. No charge shall be made by any station in the maritime mobile 
service of the United States for the transmission receipt, or relay of the 
information concerning dangers to navigation, originating on a ship of 
the United States or of a foreign country. 


Q. 2.15. What is the difference between calling and working fre- 
quencies? (R & R 83.6) 


A. A calling frequency is one to which all stations generally listen, 
for example 500 kilohertz. A working frequency is an assigned fre- 
quency other than a calling frequency on which the main body of the 
communication would take place after the initial calling. 


FCC-TYPE SAMPLE TEST FOR ELEMENT II 
(CATEGORY ‘‘M’—MARITIME) 


II-1(M). A coast station may contact a land station by radio: (Q. 
2.05) 
(a) To facilitate the transmission or reception of a safety com- 
munication. 
(b) To facilitate the transmission or reception of an alarm com- 
munication. 
(c) For the transmission of a government communication. 
(d) If so directed by the station manager. 
(e) If it is having difficulties with its transmitter. 
II-2(M). To permit other stations to operate without interference, 
radiotelephone messages should be: (Q. 2.09) 
(a) Sent by frequency modulation. 
(b) Sent with reduced amplitude modulation. 
(c) As brief as possible. 
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(d) Sent with reduced transmitter output power. 

(e) None of the above. 
II-3(M). A calling frequency is one on which: (Q. 2.15) 

(a) The main body of communications take place. 

(b) Calls are always made to land stations. 

(c) Communications are always made to aircraft stations. 

(d) Calls are made from land stations to marine stations. 

(e) All stations generally listen. 
II-4(M). The licensed operator of a ship station is required to show 
his authority to operate the station by: (Q. 2.13) 

(a) An FCC registration attached to his outer clothing. 

(b) Posting his license at the main station location. 

(c) Posting a duplicate of his license at the main station location. 

(d) A letter of approval from the FCC. 

(e) A license from the Federal Maritime Authority. 
II-5(M). If a ship or other vehicle 1s in imminent danger, it should 
transmit the: (Q. 2.03) 

(a) Distress signal (PAN). 

(b) Urgency signal (MAYDAY). 

(c) Distress signal (IMI). 

(d) Distress signal (MAYDAY). 

(e) Urgency signal (PAN). 
II-6(M). The frequency 2182 kHz may be used in the following 
way: (Q. 2.01) 

(a) To communicate with commercial broadcast stations. 

(b) To communicate with the Federal Communications Commission. 

(c) To send telegrams between ship stations and land stations. 

(d) For distress calls. 

(e) To report on the passing of other ships. 
II-7(M). Maritime stations receiving a distress call from a station in 
their vicinity shall (Q. 2.02) . 

(a) Immediately relay the information to a coast station. 

(b) Keep radio silence. 

(c) Immediately acknowledge receipt. 

(d) Immediately notify the Federal Communications Commission. 

(e) Send out a series of SOS signals. 
II-8(M). Test transmissions should be sent each day unless: (Q. 
2.08) 

(a) The operator is prevented from doing so by official duties. 

(b) The operator is ordered not to do so by the master of the ship. 

(c) The power output exceeds the permissible value. 

(d) Normal use shows the equipment to be working properly. 

(e) Normal use shows that the equipment is in need of maintenance. 
II-9(M). A working frequency is one that is: (Q. 2.15) 

(a) Used during normal working hours of the operator. 


28 Radio Operator's License Q and A 


(b) Used for the main body of the communication. 

(c) Generally listened to by all stations. 

(d) Used only for test purposes during daylight hours. 

(e) Known to be transmitting at the FCC required power. 
II-10(M). Call signs should be sent clearly and distinctly in order to: 
(O52:12) | 

(a) Alert the auto alarm system. 

(b) Make possible accurate radio-direction finding. 

(c) Conserve transmission power. 

(d) Avoid unnecessary repetition. 

(e) Avoid excessive amplitude modulation. 

II-11(M). Under the Geneva, 1959 treaty, other countries may: 
(Q. 2.11) 
(a) Check the type of radio equipment being used on board a 
USS. vessel. 

(b) Require the production of a marine operator's license. 

(c) Require that a U.S. vessel’s transmitter be shut down. 

(d) Require that a U.S. vessel not transmit within the 12-mile limit. 

e) None of the above. 
II-12(M). A radio operator in the mobile service may continue at- 
tempting to contact a station which does not answer: (Q. 2.07) 

(a) For a total of three times, at intervals of two minutes each. 

(b) For a total of 30 seconds. 

(c) Once every 15 minutes. 

(d) On a continuous basis. 

(e) At the discretion of the master of the ship. 

II-13(M). A mobile station which acknowledges receipt of a dis- 
tress message shall transmit: (Q. 2.02) 

(a) Its name, its position, and the master’s name. 

(b) Its name, its transmitting frequency, and its position. 

(c) Its name, its position, and the approximate time needed to 

reach the distressed vessel. 

(d) Its name, its position, and its tonnage. 

(e) Its name, its position, and the call signs of other vessels it is in 

communication with. 
II-14(M). Ship stations navigating the Great Lakes and during their 
hours of service for telephony are required to keep watch on: (Q. 2.04) 

(a) 2182 kHz. 

(b) 2812 kHz. 

(c) 2112 kHz. 

(d) 8212 kHz. 

(e) 1282 kHz. 

II-15(M). The urgent signal PAN indicates: (Q. 2.06) 
(a) A communication for Pan American Airways. 
(b) The calling station has a message relating to the safety of a ship. 
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(c) The calling station has a message relating to a storm. 
(d) The calling station is in distress. 
(e) A low priority ship-to-ship communication. 
II-16(M). The safety signal SECURITY takes priority over: (Q. 
2.06) 
(a) All other communications. 
(b) The urgent signal PAN. 
(c) The distress signal MAYDAY. 
(d) No other communications. 
(e) None of the above. 
II-17(M). A coast station may not charge for the following type of 
message: (Q. 2.14) 
(a) Any U.S. government communication. 
(b) Distress messages. 
(c) Ship-to-aircraft messages. 
(d) Ship-to-shore messages. 
(e) Messages to a foreign government official. 
II-18(M). When a distress message is being sent, the following in- 
formation must be included: (Q. 2.03) 
(a) Name of the ship; position; nature of distress; and nature of 
help requested. 
(b) Name of the master; country of registry; and nature of help 
requested. 
(c) Country of registry; frequency of the distress transmission ; 
and frequency of the reply transmission. 
(d) Magnetic course of the ship; speed of the ship; ship tonnage, 
and name of the master. 
(e) Position of the ship; name of the master; and frequency of 
the distress transmission. 
II-19(M). When may a radio operator stop listening on an inter- 
national distress frequency? (Q. 2.04) } 
(a) Whenever directed to do so by the chief radio operator. 
(b) Whenever the station is being used for transmission on that 
channel. 
(c) During periods of transmitter maintenance. 
(d) When the ship is within the 12-mile limit. 
(e) Whenever the ship is not under way. 
II-20(M) Test transmissions are sent: (Q. 2.08) 
(a) To facilitate direction finding. 
(b) To actuate the auto alarms of neighboring ships. 
(c) If the called station does not answer immediately. 
(d) To check for radar interference. 
(e) None of the above. 


ELEMENT III 


BASIC RADIOTELEPHONE 


ALTERNATING AND DIRECT CURRENT 


Question 3.01. By what other expression may a “difference of poten- 
tial” be described? 


Answer. Common expressions are: voltage, electromotive force, IR 
drop, voltage drop. 


Discussion. Terms such as “voltage,” and “electromotive force” usually 
apply to a source of electrical energy. For example, the terms “generator 
voltage or emf,” and “battery voltage or emf,” are in common use. On the 
other hand, the terms, “IR drop,” and “voltage drop” usually apply to a 
circuit or portion of a circuit, to which the voltage is applied. The dis- 
tinction is not strict, however. 


Q. 3.02. By what other expression may an “electric current flow” be 


described? 


A. Electron flow or electron drift may be used, or the term amperage 
is sometimes used. 


D. The term “current flow” is not particularly definite as to the 
direction of the flow or to the polarity of the charges in motion. So 
called “conventional current” assumes positive charges to be in motion 
and the direction externally of the generator is from + to —. On the 
other hand, the terms “electron flow” or “electron drift” are quite 
definite. In this case the moving particles are negative charges and the 
direction external of the generator is from — to +. “Electron flow” 
is applied most correctly in such cases as vacuum tubes, while the 
term “electron drift” would more aptly describe the motion of electrons 
in a solid conductor. 

30 
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Q. 3.03. Explain the relationship between the physical structure of 
the atom and electrical current flow. 


A. See discussion of Q. 3.04. 


Q. 3.04. With respect to electrons, what is the difference between 
conductors and non-conductors? 


A. A good conductor has a large number of “free” electrons, while 
an insulator or non-conductor has very few free electrons. 


D. In any substance, the outer ring of electrons of an atom of that 
substance determines its electrical characteristics. If the outer ring 1s 
lightly bound to the atom, it is possible that one or more electrons in 
the outer ring will leave the atom without much urging from an ex- 
ternal source. Such an electron is called a “free” or conduction 
electron. If many of these electrons are present within a substance, their 
movement under an applied emf constitutes an electric current, and the 
substance is then a good conductor. On the other hand, if there are very 
few of these “free” electrons, the current will be extremely small; in 
such a case, the substance is called an insulator or non-conductor. 


Q. 3.05. What is the difference between electrical power and elec- 
trical energy? In what units is each expressed? 


A. Electrical power is the rate of doing work (the rate of expend- 
ing energy) by electricity. Electrical energy is the capacity or ability to 
accomplish work by electricity. (“Work” in this sense includes pro- 
duction of heat, or conversion into any other form of energy.) 

D. Electrical power is measured by a unit called the watt, One watt 
is the power expended in heat in a circuit when a current of 1 ampere 
(6.28 & 1018 electrons per second) flows through a resistance of 1 
ohm. One watt is 1 joule per second. 

Electrical energy is measured by a unit called the joule. Energy in 
electrical circuits is transferred into the form of heat. A joule is the 
amount of energy expended in moving 1 coulomb (6.28 < 1018) of 
electricity through a resistance of 1 ohm. One joule = 0.7376 ft pound; 
3600 joules = 1 watt-hour. 

Q. 3.06. What is the relationship between impedance and admit- 
tance? Between resistance and conductance? 


A. Admittance (Y) is the reciprocal of impedance (Z). Conductance 
(G) is the reciprocal of resistance (R). 


D. Impedance may be defined as, “the total opposition to current 
flow in alternating current circuits,’ and is expressed by the symbol 
“7.” The impedance of a circuit may contain, resistance, inductive re- 
actance and capacitive reactance. For a series circuit, impedance may be 
found from the equation: 


32 Radio Operator's License Q and A 


2=V RK XP 


and is expressed in ohms. 


; VeNES : : 4 i; 
Admittance is 7 or Y. Admittance is used as a convenience in 


analyzing parallel a—c circuits and is expressed in mhos. For a parallel 
a-c circuit the admittance may be found from the equation: 


Y = \/G? + B? 


where, Y = Admittance in mhos 
G = Conductance in mhos 
B = Susceptance (reciprocal of reactance) in mhos 


Note that the susceptance of an inductancé is negative and that of a 
capacitance is positive. These signs are opposite to the situation when 
handled as reactances. 

Resistance is the factor of proportionality between voltage and current, 
in a d-c circuit, giving Ohm’s Law: E = JR. In an a- circuit, the “in- 
phase” component of current must be used, and the resistance is the quan- 
tity which determines the power lost or dissipated. 

Conductance is the ratio of current through a conductor to the voltage 
which produces it. (In a reactive a-c circuit, it is the ratio of “in-phase” 
current to the applied voltage.) Conductance of a circuit or component 
is numerically equal to 1/R, where R is its resistance in ohms. The unit 
of conductance is the “mho,” and the usual symbol is G. Conductance is 
a measure of the ease with which a circuit is able to pass current. Con- 
ductance is a property of a given circuit and must be distinguished from 
conductivity, which is a property of material. 


Q. 3.07. A relay with a coil resistance of 500 ohms is designed to 
operate when a current of 0.2 ampere flows through the coil. What 
value of resistance must be connected in series with the coil if it is 
to be energized by a 110-volt dc source? 


A. A series resistance of 50 ohms is needed. 


D. The normal working voltage of the relay coil equals 0.2 500 
= 100 volts; 10 volts at 0.2 ampere must be dropped in the series 


: 10 
resistor, R wi 50 ohms. 


Q. 3.08. Draw a circuit composed of a 12-volt battery with 3 
resistors (10, 120, and 300 ohms, respectively) arranged in a “pi” 
network. 

(a) What is the total current; the current through each resistor? 

(b) What is the voltage across each resistor? 
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(c) What power is dissipated in each resistor; the total power dissi- 
pated by the circuit? 


A. See Fig. 3.08. 


Fig. 3.08. A “pi’’-network battery circuit. 


(a) (1) Total current (I) = 1.23 amperes. 
(2) Current through R1 (Igi) = 1.2 amperes. 
(3) Current through R2 (Ig2) = 0.0286 ampere. 
(4) Current through R3 (Ips) = 0.0286 ampere. 

(b) (1) Voltage across R1 (Epi) = 12 volts. 

(2) Voltage across R2 (Ere) = 3.43 volts. 

(3) Voltage across R3 (Eps) = 8.58 volts. 

(c) (1) Power dissipated in R1 (Pri) = 14.4 watts. 
(2) Power dissipated in R2 (Pre) = 0.0981 watt. 
(3) Power dissipated in R3 (Pr3) = 0.245 watt. 
(4) Total power dissipated (Pr) = 14.743 watts. 


D. Part (a)(1) of the question. 
Step 1: Find the total resistance (Rr) across the battery. 


MARAEX(R2 + R3)0 84-10. (120'4-300)) 4200) 
Tt RI+(R2+R3) 104+ (1204300) 430 ~~ 


Step 2: Find the total current (I7). 


E 12 
Ip — Rr cSu 0.76 == 1.23 amperes 
Part (a)(2) of the question. 
E 12 
Leia Rent: 1.2 amperes 


Part (a)(3) of the question. 
Step 1: Find the series current through R2 and R3. 
E 12 
Ip, R3 = R2+R3 420 0.0286 ampere 
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Step 2: Find the current through R2 (Ipe) which is the series cur- 
rent, or 0.0286 ampere. 


Part (a)(4) of the question. 
The current through R3 (Ig) is also the series current, or 0.0286 am- 
pere. 


Part (b)(1) of the question. 
The voltage across Rl (Epi) is the battery voltage = 12 volts. 


Part (b)(2) of the question. 
Ero as Tro x R, =e 0.0286 x 120 —s 3.43 volts. 


Part (b) (3) of the question. 
Er3 = Irs X Rg = 0.0286 & 300 = 8.58 volts. 


Part (c)(1) of the question. 
The power dissipated in R1(Pr1) is 
Pri = BX Ipi = 121.2 = 14.4 watts. 


Part (c)(2) of the question. 
The power dissipated in R2(Pre) is 
Pao — Eno X Igo = 3.43 X 0.0286 = 0.0981 watt, or 98.1 milliwatts. 


Part (c) (3) of the question. 
The power dissipated in R3 (Pgs) is 
Pps —— Ers » Irs sort oD Pr * 0.0286 — 0.245 watt. 


Part (c)(4) of the question. 
The total power (Pr) dissipated by the circuit is the sum of the power 
dissipated in each resistor, or 


Py = Pai + Pre + Prag = 14.4 + 0.0981 + 0.245 = 14.743 watts. 


Q. 3.09. To provide additional useful information to the student 
regarding the solution of typical ac impedance problems, two ad- 
ditional problems have been added to this Question. The original 
FCC question now appears as Q. 3.09(A) and requires the use of j 
factors for its solution. A series-ac impedance problem (not in FCC 
Study Guide) is given as Q. 3.09(B), while a series-parallel-ac 
impedance problem (not in FCC Study Guide) is given as Q. 3.09 
(C). Neither of the latter two additional problems requires the 
use of j factors for its solution. In the event that the student is 
not too well versed in the use of j factors, he should concentrate on 
the latter two problems only and these will enable him to answer 
the ac impedance problems given in the FCC examinations. 


Q. 3.09(A). Draw a circuit composed of a voltage source of 100 
volts—1000 Hz, a 1-microfarad capacitor in series with the source, 
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followed by a “IT” network composed of a 2-millihenry inductor, a 
100-ohm resistor and a 4-millihenry inductor. The load resistor is 
200 ohms. 


(a) What is the total current; the current through each circuit ele- 
ment? : 

(b) What is the voltage across each circuit element? 

(c) What “apparent” power is being consumed by the circuit? 

(d) What real or actual power is being consumed by the circuit; by 
the 200-ohm resistor? 


A. , See Fig. 3.09(al). 


1. The total current (I7) = 0.63 ampere. 

2. The current through Cl and LI] (Ir) = 0.63 ampere. 
3. The current through R1 (Il) =0.43 ampere. 

4. The current through L2 and R2 (12) = 0.21 ampere. 


C1 Ly k Le 


Fig. 3.09(a1). “‘T” network and load connected to an ac generator. 


5. The voltage across Cl (Eci) = 100.17 volts. 

6. The voltage across L] (Eri) = 7.91 volts. 

7. The voltage across Rl (Epi) = 42.65 volts. 

8. The voltage across L2 (Ey2) = 5.27 volts. 

9. The voltage across R2 (Ere) = 42 volts. 

10. The apparent power = 63 watts. 

11. The real power = 27.03 watts. 

12. The power consumed by the 200-ohm resistor = 8.8 watts. 


D. The solution of this problem requires the use of complex numbers. 
While there are a fairly large number of steps in its solution, these pro- 
ceed in logical sequence and are not difficult to follow. 


(A). The first answer required is to find the total current (Ir), How- 
ever, in order to accomplish this, the total equivalent impedance (Zr) 
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must first be computed. This is the equivalent series impedance of all 
the circuit elements shown in Figure 3.09(a1). Thus, the series equiva- 
lent impedance of C1 and L1 is added vectorially to the series equiva- 
lent impedance of R1, R2 and L2 to provide Zp. 


Step. 1: Find the equivalent series impedance (Z,) of Rl, R2 and L2. 


WA aie 
si NBR Wes 


Expressed as complex numbers; first in rectangular form, we have 


(100 + j6) X (200 + jXr2) 


aan (100 + }6) + (200 + jXz2) 
We must find Xz,» 


Xie = 2nfL2 = 6.28 X 1000 XK 4 X 10-3 = 25.12 ohms 


Mi (100 + j6) X (200 + 525.12) _ 20,000 + 52,512 
(100 + j6) + (200 + j25.12) 300 + j25.12 
In order to reduce this fraction, both numerator and denominator 


must be expressed in the polar form. 
Step 2: Change the numerator to polar form. 


X 2502 


Zp 


tanQ=> = 20,000 0.125 
§@ =7.1° 
X 2512 


9 Saliphgg P28 
Sin@ 0.0837 


Z (denominator) = 


= 300.12 ohms 
Therefore, in polar form 


20,323 /7.1° 
= 1 =67,7 /2.3° 
» ~ 300.12 /4.8° Ushio 


(B). It is now necessary to determine the equivalent impedance (Zz) 


of Cl and LI. 
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Step 1: Find the reactance of Cl. 


be WA Mest tt Os VIB 
2nfC1 1000 X 1 X 10-8 


Xc1 = 159 ohms 


Step 2: Find the reactance of LI. 
Xz = 2nfL1 = 6.28 X 1000 X 2 K 10~3 = 12.56 ohms 
Step 3: Find the combined impedance (Zs) of Cl and Ll. 
Z, = 12.56 — 159 = —146.44 ohms (capacitive) 


(C). The next step is to combine Z, and Z, vectorially to find Zz, 
which is the actual load on the generator. With the aid of Zr, we may 
determine the generator current (Ip) and then the remainder of the 
answers to this problem. 

Step 1: Zp = Z, + Z, 

Zp = 67.7 /2.3° + (0 - 3146.44) 
To perform this addition, Z, must first be converted to rectangular 
form. 
Za 67.7, (COs 2.3% sini 2.3) 
Z» = 67.7 (0.9990 + 30.0454) = 67.63 + 33.07, and 
Zy = (67.63 + 3.07) + (0 —j146.44) = 67.63 —j143.37 


Step 2: It is now necessary to convert the rectangular form of Zr 
(above) to its polar form. 


Pat aE LHS ¥ 
Sa GR Ne 07.63 
tan 6 = 2.1 
§ = —64.6° 
X 143.37 14837 
fo aT Gin GHG D033et ee 
Zr in polar form = 158.7 /—64.6° 
(D). Find the total current (Ir). 
E 100 
Ip = 75 = 158.7 = 0.63 ampere 


(E). Find the current through Cl and LI. This is the same as I, or 


0.63 ampere. 
(F). Find the currents 11 and 12 (see Fig. 3.09(a2) ). 
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Fig. 3.09 (a2). The diagram is redrawn here for clarity in 
solving the problem. 


Step 1: Find the voltage (E,) across the parallel branch (Zp) com- 
posed of R1 and R2, L2. 


Ep = Ip X Zp = 0.63 X 67.7 = 42.65 volts. 


Step 2: I1 = —= = —— = 0.43 ampere 


We must find the value of Z2, which is the vector sum of Xy2 and 
R2 in series. 


Z2 = \/(R2)? + (X12)? = \/ (200)? + (25.12 2 — 201.5 ohms 

ie 42.65 
201.5 

This is the current in L2 and R2 


(G). We are now ready to find the voltages aeross each circuit ele- 
ment. (The voltage across R1 is the same as E,), or 42.65 volts.) 


[2 


= 0.21 ampere 


Step 1: Find the voltage across L2 
Ere =12 X Xp2 = 0.21 & 25.12 = 5.27 volts. 


Step 2: Find the voltage across R2 
Epo = 12 X R2 = 0.21 XK 200 = 42 volts. 


Step 3: Find the voltage across Cl 
Eq. = Ip X Xo1 = 0.63 K 159 = 100.17 volts. 
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Step 4: Find the voltage across LI. 
Eri = In X Xy1 = 0.63 X 12.56 = 7.91 volts. 
Note: It may appear that the individual voltages add up to more than 


the generator voltage. However, these are out of phase and must be 
added vectorially. | 


(H). Find the apparent power (P,) consumed by the circuit. 
P, = E X Iy = 100 X 0.63 = 63 volt-amperes. 


(1). Find the real power consumed by the circuit (Pr) 

Pa = EX Ip X cos 6 (64.6°) = 100 X 0.63 X 0.4289 = 27.03 watts 
(J). Find the power consumed by the 200 ohm resistor, R2 

Pro = 12? X R2 = (0.21)? X 200 = .044 X 200 = 8.8 watts. 


Q. 3.09(B). Ina series circuit composed of a series resistance of 
40 ohms, an inductive reactance of 80 ohms, and a capacitive re- 
actance of 30 ohms, a current of 0.5A is flowing. What is the 
applied voltage? 


A. The applied voltage = 32 volts. 


D. To solve this problem [see Fig. 3.09(b) }, it is first necessary 
to determine the total series ac impedance (Zp). Once Zp is known 
and since the total current (Ip) is given (0.5A), the applied voltage 
(E,) may be easily found from the equation, E, = Ip X Zr. 


O.5A 
400 xX~_=#80N0 


Eq™=? 
| X¢ #500 


Fig. 3.09(b). An a-c series circuit, where the applied voltage (E,) 
must be found. 


Step 1: Determine the total ac series impedance (Zr) of R, X,, and 
Xo, in Fig. 3.09(b) : 


Zp = \/ R2 + (Xi — Xo)? = y 40? + (80 - 30)? = y/ 40? + 50? = 
/ 1600 + 2500 = \/ 4100 = 64 ohms 
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Step 2: Find the applied voltage (E,): Ey =I X Zp = 0.5 XK 64= 
32 volts. 


Q. 3.09(C). What is the total impedance of a resistance of 75 
ohms in series with the parallel combination of an inductive re- 
actance of 20 ohms and a capacitive reactance of 25 ohms, across 
a supply voltage of 1000 volts? What is the line current? 


A. {See Fig. 3.09(c1) } 
1. The total (ac) impedance (Zp) is 125 ohms. 
2. The line current (I;,) is 8A. 


Xo=250 


Fig. 3.09(c1). An a-c, series-parallel circuit, 
where the line current (1,) must be found. 


D. To solve this problem, it is first necessary to separate the series 
resistor from the parallel circuit. Next, by assuming a voltage (100V) 
across the parallel circuit [see Fig. 3.09(c2) }, its resultant impedance 
is found. Then, the impedance of the parallel circuit is combined (vec- 
torially) with the resistance to determine the total impedance (Zp). 
Finally, the line current (I) is determined from the equation, I, = 


Z where E, is the applied voltage in Fig. 3.09(c1), or 1000 volts. 


Note: This problem could have been presented so that only the 
total impedance (Z;) was required to be found. In this case, the item 
of 1000V given in the question must be ignored. In some FCC ques- 
tions, added information is sometimes given that is not required for 
the solution of a problem. It is up to the student to determine if this 
is the case and to eliminate unnecessary information if required. 


Step 1: Assume a voltage of 100V across the parallel branch only 
and solve for the branch currents [ see simplified diagram of Fig. 
3.09(c2) }: 
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100 V Bs 
(ASSUMED) (~) eS L 


Fig. 3.09(c2). Simplified diagram of Fig. 3.09(c1) to help 
determine the impedance (Zp) of the parallel circuit alone. 


E .-100 
E — 100 
pois to ei 
I, > OR 4 


Step 2: Find the total current (Ip) flowing through the parallel 
branch: Ip = 1, -I, = 5-4 = 1A (inductive). 

Step. 3: Find the impedance (Z,) of the parallel branch (only) by 
the equation: 

ae E (assumed) 
Ly 

Zp = = = 100 ohms (inductive) 

Step 4: Find the total impedance (Z,) of the entire circuit of Fig. 
3.09(c1): 


Zn = RFX? = 
\V/ 752 + 100? = \/ 5625 + 10,000 = 
15,625 = 125 ohms 
Step 5: Find the line current (I,) : 


mE s(eivenjy gd QO0p ey) 
1 cae pan Zaps SE ISN aN 28 

Note: In some examples it may be required to find the phase angle 

(9) of the line current. This is easily done by first finding the cosine 


of the angle (6) and then determining the angle from the cosine tables: 


[See also Q. 3.235(a).} 
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Q. 3.10. What is the relationship between wire size and resistance 
of the wire? 


A. The resistance of a wire varies inversely with the cross-sectional 
area of the wire and directly with its length. 


D. The resistance of a conductor varies inversely with the cross- 
sectional area of the conductor. Thus any increase in the area will 
decrease the resistance. However, the area varies as the square of the 
diameter. If the diameter is doubled the area will be increased by four 
times. Since the area is four times greater, then the resistance is now 
four times less, or equal to one-quarter of the original value. 

Resistance of a conductor varies in direct proportion to the length of 
the conductor. For example, doubling the length also doubles the resis- 
tance, The resistivity of a material is determined by its atomic structure; 
some materials have more free electrons than others. The ones with the 
greater number of free electrons will have less resistance. The resistance 
of most substances is affected by temperature. Most metals have a positive 
temperature coefficient: that is, an increase in temperature will cause an 
increased resistance. Most non-metals, carbon, for example, have lower 
resistance at higher temperatures; some ceramic substances which are 
good insulators at ordinary temperatures become fairly good conductors 
at a red-heat. 


Q. 3.11. What is “skin effect”? How does it affect the resistance of 
conductors at the higher radio frequencies? 


A. (a) “Skin effect” is the tendency of alternating currents to exist 
in the area of a conductor approaching the surface, rather than in the 
entire cross-sectional area of the conductor. 

(b) It causes the effective resistance of conductors to increase with 
the frequency of the applied wave. 


D. The term “skin effect” is most generally used in connection with 
radio frequencies. However, “skin effect” is present at all frequencies, 
the magnitude of the effect decreasing as the frequency decreases, At 
extremely high frequencies, the depth of current penetration is very small, 
most of the current existing practically on the surface of the conductor. 
[t is for this reason that tubular conductors with large surface areas are 
used at ultra high frequencies. “Skin effect” exists due to the fact that 
more magnetic lines of force cut the center of the conductor than cut 
the outer sections. Thus the self inductance of the conductor is greatest 
at the center and decreases toward the outer edges. There is more coun- 
ter-emf developed at the center of the conductor and, therefore, the 
least amount of current exists at this point. As the frequency increases, 
the vemf at the center approaches the magnitude of the applied voltage 
and current practically does not exist at the center. Where the conduc- 
vor is a round wire or tube, the high frequency resistance at high fre- 
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quencies in ohms per centimeter = 


-9 
aE ae where d is the 


outside diameter in centimeters, and f is the frequency in hertz. 


Q. 3.12. Why is impedance matching between electrical devices an 
important factor? Is it always to be desired? Can it always be attained 
in practice? 

A. (a) Impedance matching is important in certain cases in order to 
effect maximum transfer of power, minimum VSWR (on transmission 
lines) and consequently a reasonably flat frequency response of a line 
(within the practical design limits). 

(b) Impedance matching is not always desirable, as is the case in some 
amplifiers. 

(c) Perfect impedance matching is not always attained in practice 
since the magnitude and phase angle of the impedances must be matched. 
However, from a practical standpoint and utilizing a given frequency 
band of operation, satisfactory impedance matching may be achieved. 


D. Impedances should be matched in speech-input equipment in or- 
der that maximum transfer of power may take place and to preserve the 
proper frequency response of the equipment. In short transmission lines, 
impedance matching is not too important. However, if the line is long 
and standing waves are present (due to mismatch), the input impedance 
of the line may change radically and this change will be reflected into the 
circuit through the matching transformer. This in turn may cause distor- 
tion and incorrect frequency response characteristic. 

In amplifiers, an impedance match is usually not desirable. For min- 
imum distortion, triode amplifiers require a load impedance several 
times greater than the plate resistance; while screen-grid amplifiers re- 
quire a load only a small fraction of the plate resistance. For example, 
a power amplifier tube, with a plate impedance of 52,000 ohms, requires 
a load resistance of only 5000 ohms or less than 1/10 of the plate im- 
pedance. 

Where distortion is not a factor, a 1-to-] impedance match is desirable 
for maximum power transfer between circuits. 


Q. 3.13. A loudspeaker with an impedance of 4 ohms is working 
in a plate circuit which has an impedance of 4000 ohms. What is the im- 
pedance ratio of an output transformer used to match the plate circuit 
to the speaker? What is the turns ratio? 


A. (a) The impedance ratio is 1000 to 1. 
(b) The turns ratio is 31.6 to 1. 


D. Let the plate circuit impedance equal Z, (primary impedance). 
Let the loudspeaker impedance equal Z, (secondary impedance). The 
impedance ratio is 
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Z5 = 4000 
“p — —— = 1000 tol 
Z. 4 to 


A basic (approximate) formula relating impedance ratio and turns ratio 


1S: Hea 
NG FZ Neer AZ, 
Ne =), or (Xe unde 


where N, is the number of turns in the primary. 
Ng is the number of turns in the secondary. 
Zy is the primary impedance. 
Z, is the secondary impedance. 
From the above, the turns ratio is found by, 


N, Zi 4000 | 
= |/ 2 = |/ —— =31. 
Ny Z, 4 ‘ 


Q. 3.14. Compare some properties of electrostatic and electromag- 
netic fields. 


A. (1) If two conductors are separated by an insulator and a differ- 
ence of potential applied between the two conductors, it can be shown 
that electric energy is stored between the two conductors. This energy 
is said to exist in an electrostatic field between (mainly) the conductors. 
If the charging source is removed, the charge (or energy) remains as 
before and we have a charged capacitor, which stores potential energy 
in its field. The amount of energy stored is expressed by the equation 


W = CE? joules 
where C= capacitance in farads 
E = charging potential in volts 
W = energy of the electrostatic field in joules (watt-seconds ) 


The lines of electrostatic force between two unlike charges (corre- 
sponding to magnetic lines of force) are depicted in Fig. 3.14. 

The directional arrows on the lines show the direction of force on an 
electron placed in the field. The electron would be attracted by the posi- 
tive charge and repelled by the negative charge. Coulomb’s law is useful 
in describing the electrostatic field. This law states that the force be- 
tween two charges is proportional to the product of the charges and in- 
versely proportional to the square of the distance between them. In Fig. 
3.14, if a dielectric material was placed between the unlike charges, some 
of the electrons in the dielectric would be attracted toward the positive 
charge and potential energy would now be stored in the dielectric. This 
process is called “electrostatic induction” and corresponds to the induc- 
tion caused by an electromagnetic field. 

(2) If a current of electricity is passed through a wire (or coil), it 
will be found that an electromagnetic field will build up to a maximum 
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Fig. 3.14. Electrostatic field between unlike charges. 


value in the space surrounding the wire. A certain amount of electrical 
energy will exist in this electromagnetic field and may be expressed by 
the equation 


Wee 15? 
where L = inductance in henrys 
I = current in amperes 
W = energy of the electromagnetic field in joules 
(watt-seconds) 


Unlike the electrostatic field, if the current is cut off, the electromag- 
netic field shortly ceases to exist, the energy being returned to the wire 
(or coil). (In actuality, there is always stray capacity across the induc- 
tance. Thus, when the excitation is cut off, the energy creates damped 
oscillations of this tuned circuit.) Since the electromagnetic field requires 
a current flow to exist, the energy involved is kinetic energy. 

If a conductor is moved through the magnetic field (but not parallel 
to it) magnetic induction will take place and a current will be caused 
to flow in the conductor. Similarly, if the excitation of the original wire 
(or coil) is varied, a current will be induced into a stationary wire or 
coil. In this case, the electromagnetic field is caused to move past the 
wire and the moving field induces a secondary current. Note an impor- 
tant distinction between electrostatic and electromagnetic fields. An elec- 
trostatic field (kinetic energy) may cause induction while stationary. 
Conversely, an electromagnetic field (or the secondary conductor) must 
be in motion to produce induction. 


D. It is important to note that a radiated wave from a transmitting 
antenna (or other radiator) is composed of both electrostatic and electro- 
magnetic fields. The total energy content of the wave is constant over 
one cyéle. However, the two fields are 90° apart in phase (as well as 
in space) and the energy is continuously interchanged between the elec- 
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trostatic and electromagnetic fields. In the case of a vertical radiator 
(vertically polarized) the electrostatic lines of force are situated mainly 
in the vertical plane and the electromagnetic lines of force are mainly 
in the horizontal plane. For maximum efficiency of a receiving antenna 
for this wave, the receiving antenna should also be vertical. In this case 
the maximum induced electrostatic and electromagnetic field energy will 
occur in the receiving antenna. 


Q. 3.15. In what way are electrical properties of common circuit ele- 
ments affected by electromagnetic fields? Are interstage connecting leads 
susceptible to these fields? 


A. 1. The independent electrical properties of circuit elements are 
not affected by electromagnetic fields. However, the performance of 
electrical circuits is sometimes affected by the coupling of electromagnetic 
fields into common circuit elements, such as coils, capacitors and vacuum 
tubes. Such coupling may (depending on phase relationships) cause 
oscillation and/or bandwidth problems. It may also result in such con- 
ditions as hum pickup. 

2. Interstage connecting leads may pick up electromagnetic fields and 
cause problems similar to those mentioned above. 


D. In the design of electronic circuits, particularly where high-gain 
stages are involved, one of the most important considerations is the pre- 
vention of undesired coupling between stages of the circuitry. As men- 
tioned above, such coupling (or undesired feedback) may be of such 
phase as to reinforce the signal appearing at an earlier stage. This can 
cause instability, regeneration, oscillation and/or a reduction of band- 
width of the circuit. Such undesired coupling can be simple induced 
currents into common circuit elements, or into inter- or intra-stage 
wiring. In some situations, the coupling may be through the route of 
the metal chassis itself. It it not possible in this book to present detailed 
design information for the avoidance of this condition. However, some 
of the more common design precautions are: 

(1) Shielding of glass vacuum tubes in critical circuits. 

(2) Shielding of selected input or output leads wherever possible and 
desirable. 


(3) Shielding of coils and/or of entire stages which may be suscep- 
tible to feedback problems. 

(4) Restriction of the gain of each critical stage to reduce the mag- 
nitude of feedback. 

(5) Shielding the entire bottom of the chassis to eliminate pick up 
of stray adjacent fields. 

(6) Use of special circuit grounding procedures, such as all grid-cir- 
cuit returns to one ground and all plate-circuit returns to another ground, 
or at least to another portion of the metal chassis. 
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(7) Use of adequate decoupling circuits between stages, including 
such items as filament-circuit chokes and plate and grid-decoupling RC 
circuits. 

Q. 3.16. Which factors determine the amplitude of the emf induced 
in a conductor which is cutting magnetic lines of force? 

A. There are four basic factors as follows: 

1. The flux density, or magnetic strength. 

2. The rate or velocity at which the conductor cuts through the 
magnetic lines of force. 

3. The length of the conductor, or if a coil is used, both the number 
of turns and the length of the coil are important. 

4. The angle at which the conductor or coil is cutting through the 
magnetic lines of force. Maximum emf is induced if the conductor is 
moving in a direction perpendicular to the lines of force. 


D. The formula to determine the emf induced in a conductor is 
| oi NBlv 
108 

where E equals the induced voltage 
N equals the number of turns 


B equals the flux density 


volts 


1 equals the length of conductor 
v equal the velocity of cutting. 
It is seen that E is directly proportional to all above factors. 


Q. 3.17. Define the term “reluctance.” 


A. Reluctance is the opposition to the creation of magnetic lines of 
force in a magnetic circuit. 


D. Reluctance is the same in its relation to magnetic circuits as re- 
sistance is to electric circuits. Magnetic flux is analogous to current, and 
mmf is analogous to emf. Thus the greater the reluctance of a magnetic 
circuit, the weaker will be the magnetic flux. The total reluctance of a 
magnetic circuit is the sum of all the reluctances which are in series. 


} ly 


Thus for an iron core with air gap the reluctance is, R = Al + ore 
1 


units where 

R = the reluctance 
} = the length of iron in cm 

p. = permeability of iron 

A = cross-sectional area of iron in cm squared 

A = cross-sectional area of the air gap in cm squared 
}, = length of air gap in cm. 

Reluctance is the ratio of magnetomotive force to magnetic flux, as 
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ee gilberts 


2° ‘It is the number by which the desired flux is 
lines per sq cm 


multiplied in order to compute the necessary picofarads. 


Q. 3.18. In what way does an inductance affect the voltage-current 
phase relationship of a circuit? Why is the phase of a circuit important? 


A. (a) A series inductance acting alone in an alternating current cir- 
cuit has the property of causing the circuit current to lag the applied 
voltage by 90 degrees, and limits the value of current, which is propor- 
tional to the voltage and inversely proportional to the frequency and 
inductance. 

(b) Phase may be important for various reasons depending upon the 
application of the circuit. For example, in power circuits, phase angle 
~ determines the power factor. In color TV receivers, the correct phase of 
the demodulation signals is vital to insure proper color reproduction. 
For other examples, see the discussion. 


D. Several other cases where phase is important to the circuitry 
involved are: 

(1) Operation of two or three phase motors. 

(2) Operation of servo systems. 

(3) Correct speaker and circuit phasing in stereophonic audio systems. 

(4) Synchronization of TV and FM multiplex signals at both trans- 
mitter and receiver. 

(5) Aircraft navigational receivers. 

There are numerous other examples where phasing is important. How- 
ever, there are also many circuits where phasing is not important. For 
example: 

(1) Broadcast receivers and transmitters. 

(2) Ordinary FM receivers. 

(3) Single-channel amplifiers. 

(4) Power supplies. 

(5) Many types of test equipment. 


Q. 3.19. Draw two cycles of a sine wave on a graph of ampli- 
tude versus time. Assume a frequency of 5 MHz. 

(a) What would be the wavelength of one cycle in meters; in centi- 
meters? 

(b) How many degrees does one cycle represent? 

(c) How much time would it take for the wave to “rotate” 45°; 
90°; 280°? 

(d) If there were a second harmonic of this frequency, how many 
cycles thereof would be represented on this graph? | 


(e) On the same graph draw two cycles of another sine wave leading 
the first by 45°. 
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(£) What would be the velocity of this wave or any other electro- 
magnetic wave in free space? 


A. See'Fig. 3.19. 

(a)(1) Wavelength in meters = 60 meters. 

(2) Wavelength in centimeters = 6000 centimeters. 
(b). One cycle represents 360 degrees. 


WAVELENGTH | 
| (ALSO ONE | 
EOYCLE) ain, 
| 
THIS WAVE |,- 
LEADS \. i 


Fig. 3.19. Two cycles of two sine waves, one leading 
the other by 45 degrees. 


(c) (1) The wave will rotate 45 degrees in 0.025 microsecond. 
(2) The wave will rotate 90 degrees in 0.05 microsecond. 

(3) The wave will rotate 280 degrees in 0.155 microsecond. 
(d) The second harmonic would be represented by 4 cycles. 
(e) See Fig. 3.19. 

(f) The velocity would be 300,000,000 meters per second. 


I). (a) The wavelength of one cycle in meters 1s, 


The wavelength in centimeters 1s, 


. 300 30,000 
A (cm) = F(MHzy re 


Note: In common usage, centimeters are used to describe wavelengths 
at much higher frequencies. For example at 10,000 MHz, the wave- 
length is 3 cm. This is a matter of convenient notation. 

(b) One cycle represents 360°, since it may be considered to be de- 
rived from a vector rotating inside of a 360 degree circle. 


= 6000 cm 


45 
(c)(1) The wave will rotate 45° in (sa) of the time required for 


one complete cycle, which is, 


a (sec)r == F (Hz) #3 
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1 


T = 
(us) f (megahertz) 
ea 
~~ 5 or 0.2 ys for one complete cycle. 
For 45°, T = = == 0.025 as: 


(2) The wave will rotate 90° (4 cycle) in 


0.2 
T= 


= 0.05 ps. 
(3) The wave will rotate 280° in 


280 
T — 0.2 — — 0. : 
OFZ 360 0.155 ps 


(d) The second harmonic would be 10 megahertz, each cycle occupy- 
ing 1/, the time of a 5-megahertz wave. Therefore, 4 cycles of the second 
harmonic would be shown on the graph. 

(ce) See Fig. 3.19. 

(£) The velocity of any electromagnetic wave in free space is 300,- 
000,000 meters per second. 


Q. 3.20. Explain how to determine the sum of two equal vector 
quantities having the same reference point but whose directions are 90° 
apart; 0° apart; 180° apart? How does this pertain to electrical currents 
or voltages? | 


A. (1) This may be accomplished by graphical means or by trigo- 
nometry (See Discussion.) 

(2) Electrical currents or voltages are frequently represented by vector 
quantities in the solution of electrical problems. 


D. (1) Two forces (or quantities) acting simultaneously on the 
same reference point may.be summed and replaced by a single quantity. 
This single quantity will produce the same effect on the reference point, 
as the two individual quantities. The two initial quantities being added 
are vectors. That is, they have both magnitude and direction. The re- 
sultant of the two vectors will also be a vector and must be expressed 
in magnitude and direction. Two vectors 90° apart are illustrated in 
Fig. 3.20. 

In order for this example to have the greatest meaning, quantities 
involving actual electrical elements are used. Thus the figure shows a 
resistance of 100 ohms and an inductive reactance of 100 ohms at right 
angles and as they are normally depicted in graphical form. The re- 
sultant quantity (Z) will be the impedance of a series circuit of the two 
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elements. The determination of the sum of R and Xz may be done 
graphically, that is, by drawing Fig. 3.20 to any convenient scale and 
measuring the magnitude and direction (phase angle) of Z. The more 
usual method is by means of a common trigonometric theorum which 
yields the equation 


Z= \/R2 + Xz? = \/100? + 100? = 141.4 ohms 
The direction (phase angle) is 


I 


6 =tan—! = =tan J 


0 = 45 degrees 


(2) Two vector quantities which are 0 degrees apart (in phase) are 
simply added arithmetically. The direction remains unchanged. 

(3) Two vectors which are 180 degrees apart (180 degrees out of 
phase) are added algebraically. For example, if vector 1 equals +100 
and vector 2 equals —150 the resultant is 100 —150 = —5O. 


X_ =!00 OHMS 


R=100 OHMS 


Fig. 3.20. Illustrating the solution of two vectors which are 
90 degrees apart. 


(4) A vector may represent any type of quantity having both magni- 
tude and direction. In electrical circuits, there is no physical direction 
involved. However, there is frequently the problem of phase angle. A 
typical example of a phase angle has been given in this discussion. (See 
also Q. 3.09, 3.18 and 3.19, above.) Generally, the problem of most fre- 
quent interest is the phase angle between the voltage and current in a 
circuit. In the solution of electrical problems, vectors are commonly em- 
ployed and the student should acquire a working knowledge of vectors 
and complex numbers. 
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Q. 3.21. Explain how the values of resistance and capacitance in an 
RC network affect its time constant. How would the output waveform 
be affected by the frequency of the input in an RC network? 


A. (1) The charging time is determined by the value of the capacitor 
and resistor in the circuit and both of these elements directly affect the 
time constant. Assuming R and C to be in series with the d—c supply 
voltage; if the resistor is increased in value, the charging current is re- 
duced. This increases the time required to charge the capacitor to any 
given voltage level. On the other hand, increasing the value of capaci- 
tance (storage tank) with a fixed resistor, requires the current (which 
is limited by the resistor) to flow for a greater period of time. 


(2) If the waveform is a sine wave, the shape of the wave is unaf- 
fected by the RC network, regardless of its frequency. However, the 
amplitude of the output waveform may be reduced as the frequency 
is reduced below certain limits. 


D. (1) The “time constant” of an RC circuit is defined as the length 
of time (in seconds) which is required for a capacitor to attain a voltage 
across its terminals which is equal to 63.2% of the applied voltage. The 
“time constant” may also be defined as the time required for a capacitor 
to discharge 63.2% of the original charge in the capacitor. (The remain- 
ing charge at the end of one “time constant” is therefore 36.8°%.) In each 
succeeding time constant, the charge in the capacitor will again change 
(charge or discharge) by 63.2%. For all practical purposes a capacitor 
may be considered to be fully charged or discharged in 5 “time con- 
stants.” The “time constant” is T = RC seconds, where R is the resis- 
tance in ohms and C is the capacitance in farads. If R is in ohms and C 
is in microfarads, then T is in microseconds. The voltage across a ca- 
pacitor under charge, at any instant may be found from the formula, 
E, = E4 (1 -e —#/rc ), where E, is the voltage across the capacitor, E, 1s 
the applied voltage, ¢ = 2.718, z is the elapsed time, RC equals one time 
constant. 


(2) Asa rule of thumb, if the waveform period of one cycle is equal 
to or less than % of the time constant, the waveform will be passed by 
the RC network undistorted and without loss of amplitude. As the length 
of a cycle increases (frequency decreases), the period becomes less than 
1 of the given time constant. The result in the case of a sine wave was 
given above. For other waveforms, the waveform will be differentiated 
as the frequency decreases. The possibilities and theoretical concepts are 
too lengthy to be completely enumerated here. However, a familiar case 
of extreme differentiation occurs when a square wave is fed into an RC 
network and the output consists of sharply peaked positive and negative 
“pips.” In such a case, the time constant may be only a fraction of the 
period of one cycle of the square wave. 
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Q. 3.22. Explain how the values of resistance and inductance in an 
RL network affect its time constant. 


A. The time constant of an RL network is defined as the time (in 
seconds) required for the current to reach 63.2°/ of its maximum possi- 
ble value. An increase in the value of inductance will directly increase 
the time constant. This is true because an inductance tends to resist any 
change of current and this property is directly proportional to the value 
of inductance. However, unlike the RC case, an increase of resistance 
will actually decrease the time constant. The reason an increase of resis- 
tance causes a decrease of the RL time constant is that the magnitude 
of the current at any given time is reduced. A reduced current results in 
a lesser rate of change of current at any given time. Since the rate of 
change of current determines the counter emf and therefore the opposi- 
tion to current flow, a lesser rate permits the current to rise faster; 
hence a shorter time constant is attained. Of course, the converse is also 
true and a smaller resistance will result in a longer time constant for an 
RL circuit. 


D. The time constant of an RL circuit may be found by the equation 
Sse ae seconds, 
R fs 


where L = inductance in henrys 
R = total series resistance in ohms (including the 
resistance of the inductance). 


When the charging circuit is opened, the time constant of an RL circuit 
is changed. Assuming current had been at a maximum in the coil when 
the source was instantaneously disconnected, the energy in the coil is 
dissipated in the resistance of an oscillating circuit consisting of the coil 
(with its inherent resistance), the stray capacity of the circuit and the 
coil itself. 7 


Q. 3.23. Explain the theory of molecular alignment as it affects mag- 
netic properties of materials. 


A. The theory of molecular alignment is based on the assumption 
that magnetic materials contain tiny molecular magnets called “magnetic 
dipoles.” If the dipoles are caused to be in alignment, with like poles all 
pointing the same way, the material is said to be magnetized. In this 
case magnetic North and South poles appear at opposite ends of the 
magnetic material. 


D. In soft magnetic metals, the molecular alignment must be main- 
tained by an electric current (electromagnet). When the current is re- 
moved the alignment becomes largely random and only a small “re- 
sidual” magnetism remains. Iron is a soft magnetic material. However, 
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there are certain hard magnetic materials, such as Cobalt or Alnico. 
When these are magnetized, they retain their magnetism indefinitely, 
if given proper care. It is assumed that in this case the molecular struc- 
ture of the material is such that it is difficult for the magnetic dipoles 
to be moved from their aligned position. Such “permanent” magnets 
can be weakened or demagnetized by being subjected to mechanical 
shock, excessive heat, or an electromagnetic field which opposes the 
magnetization of the permanent magnet. 


Q. 3.24. What is the relationship between the inductance of a coil 
and the number of turns of wire in the coil; the permeability of the core 
material used? 


A. (a) The inductance of a coil varies approximately as the square 
of the number of turns. 

(b) The inductance of a coil varies directly with the permeability of 
the core. 


D. (a) If the coil consists of only one turn, then its magnetic field 
will cut this turn, producing a certain counter-emf. However, if the coil 
consists of 2 turns the flux about each turn cuts 2 turns, and the resultant 
counter-emf is 4 times greater. Therefore, the inductance must also be 
4 times greater or vary as the square of the number of turns. 

Actually, the inductance increases slightly less than proportionally to 
the number of turns, as in a large many-turn coil, some lines “leak” out 
and do not cut all the other turns. 

(b) The permeability of a substance is the ratio of magnetic flux den- 
sity in that substance to the field strength which produces it. Permeability 
is a property of a material which is somewhat analogous magnetically to 
conductivity in an electric circuit. If a magnetic field of strength H exists 
in a certain space, and the space is then filled with a permeable material, 
the new field intensity will be B = wH, where p. is the permeability of 
the material. 


Q. 3.25. What factors influence the direction of magnetic lines of 
force produced by an electromagnet? 


A. There are two main factors involved: 
1. The direction of electron flow through the coil. 
2. The manner of winding the turns. 


D. A simple rule for determining the direction of lines of force of a 
coil is as follows. With the left hand, grasp the coil so that the fingers 
curl around the turns in the same direction as electrons are moving 
through these turns. The thumb of the left hand will then point to the 
north pole of the magnetic field, or the direction of lines of force within 
the coil. Outside the coil, the lines return to the south pole to form a 
closed loop. 
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Q. 3.26. Explain how self and mutual inductance produce trans- 
former action. 


A. When current flows through the primary winding of a trans- 
former, the self inductance of the primary causes a counter emf to ap- 
pear across it because of the expanding magnetic field around the pri- 
mary. (With a sine wave input into the primary, the primary magnetic 
field is continuously expanding and contracting at the frequency of the 
sine wave.) The expanding (or contracting) magnetic field not only 
affects the primary, but also cuts across the secondary winding of the 
transformer. This causes a voltage to be induced into the secondary 
winding by mutual inductance and a current to flow in the secondary 
winding, if a load is connected across it. 


D. The mutual inductance of a transformer may be calculated from 
the equation 


M = K \/L1L2 henrys, 
where M = mutual inductance in henrys 
K = coefficient of coupling (see Q. 3.27 below) between the 
coils. 
L1 and L2 = values of self-inductance of the two coils. 


In practice, the mutual inductance may be greatly increased by winding 
the inductances on some form of iron core. This has the effect of increas- 
ing the coefficient of coupling greatly, since the magnetic flux generated 
by the primary will be confined to a large extent by the iron core and 
will therefore link the secondary winding more completely. 


Q. 3.27. What does coefficient of coupling mean? 


A. The coefficient of coupling is a number (usually a decimal) which 
defines the ratio of the amount of magnetic flux linking a secondary 
coil, as compared to the original magnetic flux generated in the primary 
coil. 


D. Coefficient of coupling is expressed by the equation 


OY EME 
\/LIL2 
where K = coefficient of coupling (a decimal) 


M = mutual inductance of the two coils 
L1 and L2 = self inductances of the two coils. 


The coefficient of coupling may be increased by one or more of several 
possible expedients: 

1. Placing the windings closer together. 

2. Winding the primary and secondary wires adjacent to one another 
(bi-flar winding). 


3. Winding the coils on a common iron core. 
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Where all the flux generated by one coil links the second coil, the 
value of K = 1. However, typical values of K are 0.05 to 0.3 for air-core 
coils and K may approach unity for common wound iron-core coils. 


Q. 3.28. How does the capacitance of a capacitor vary with area of 
plates; spacing between plates; dielectric material between plates? 


A. (a) The capacitance varies directly in proportion to the area of 
the plates. 

(b) The capacitance varies inversely with the spacing between the 
plates (thickness of the dielectric). 

(c) The capacitance varies directly in proportion to the dielectric 
constant of the dielectric material. 


D. To determine the capacitance of a two-plate capacitor, the follow- 
ing formula applies 


0.225KA 
S 


where C = capacitance in picofarads 
K = dielectric constant of insulating material 
A = area of one plate in square inches 
S = spacing between plates in inches 


For a multi-plate capacitor, the formula 1s 


0.225KA (N—1 
tpn) eee at) 


where N — number of plates 


All dielectric materials are compared to a vacuum, which has a dielectric 
constant of 1. For practical purposes, the dielectric constant of air is 
also 1, the actual value being less than 0.06%, greater. Therefore, if a 
certain capacitor has a capacity of 0.001 pF with air dielectric, and mica, 
with a dielectric constant of 7, is placed in the capacitor so as to replace 
the air completely, its capacity will increase by 7 times and become 
0.007 pF. Any increase in the dielectric constant will increase the ca- 
pacity in direct proportion. 


Q. 3.29. Assuming the voltage on a capacitor is at or below the 
maximum allowable value, does the value of the capacitor have any re- 
lationship to the amount of charge it can store? What relationship does 
this storage of charge have to the total capacitance of two or more ca- 
pacitors in series; in parallel? 


A. (a) The amount of charge which can be stored in a capacitor 1s 
directly proportional to it capacitance. 
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(b) The amount of charge which can be stored in two or more capaci- 
tors in series is Jess than can be stored in any individual capacitor of 
the combination, because the total capacitance is reduced. 

(c) The amount of charge which can be stored in two or more capaci- 
tors in parallel is greater than can be stored in any individual capacitor 
of the combination, because the total capacitance is increased. 


D. (a) The amount of charge stored in a capacitor (or equivalent 
combination) is expressed by the equation: 


Q=CE 


where Q = charge in coulombs 
C = capacitance in farads 
E = voltage across the capacitor 


The coulomb, not often seen in practice, is a measure of quantity, or 
charge of electricity. One ampere is a current of 1 coulomb per second. 
A coulomb is the electric charge of 6.28 < 1018 electrons. 

C denotes capacity in farads. This quantity, equal to 1,000,000 micro- 
farads, is defined as that capacity which will have a potential of 1 volt, 
for 1 coulomb stored in it. The formula above, is actually a working 
definition of capacity, where E is the applied voltage. 

(b) Capacitors in series are figured the same as resistors in parallel. 
Capacitors in parallel are simply additive, as are resistors in series. 

In a series circuit, the same current flows for the same time in all 
parts. Therefore, each capacitor has the same charge, and this value is 
also the charge in the combination. The voltages are: 


Ey g |g oe oe Ea os) etc. The voltage on the combination, 


Ci Co’ C3 
since it is in series connection, is E;+Eo+E,...... or 
1 l l 
E; = nes 1s g APA Bias —+—+—..... 
tM Gria eCHcC oom Guineg 
Q 1 l l ] 
ed —- — —+— ..... , and 
but Ep Cy’ therefore Grane, ot C + Cs an 
l 
Cr = 
l 1 1 
Ga Efe Gs yar 


(c) When capacitors are in parallel, each capacitor has the same ap- 
plied voltage as the combination. The charge in the combination is equal 
to the sum of the charges on the capacitors. The combination is equiva- 
lent to one capacitor which would hold the total of the charges at the 
applied voltage; such a capacitor would have a capacity equal to Cp = 


‘oid + Cy = C3 = ld cep 
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Q. 3.30. How should electrolytic capacitors be connected in a circuit 
in relation to polarity? Which type of low leakage capacitor is used most 
often in transmitters? 


A. (a) Electrolytic capacitors must be connected so that the positive 
terminal is connected to a voltage point which is more positive than 
the voltage fed to the negative terminal. 

(b) Where large values are required, oil-filled paper dielectric capaci- 
tors are frequently used. For smaller values of capacitance, mica and 
ceramic dielectric capacitors are frequently used. 


D. The properties of the electrolytic capacitor are due to a dielectric 
film of an oxide which is formed on the positive plate of the capacitor. 
When connecting electrolytic capacitors the polarity marked on the body 
of the component must be observed. If this precaution is not observed the 
capacitor will be ruined. An electrolytic capacitor consists of four basic 
parts: the anode (positive plate), the cathode (negative plate), the elec- 
trolyte, and the dielectric film which is formed electrochemically on the 
surface of the anode. The dielectric material of an electrolytic capacitor 
consists of an extremely thin oxide film which is formed upon the surface 
of the anode. Certain metals, including aluminum, when immersed in 
special electrolytic solutions, will form a non-conducting film upon the 
surface when a current is passed through the metal and electrolyte to 
another metal plate. This film will be of such a nature as to oppose the 
flow of current, and will act as an insulator only as long as the same 
“forming” polarity is maintained. Thus an electrolytic capacitor is 
formed, utilizing aluminum as the plates and the oxide film as the dielec- 
tric. Because the film is very thin, the capacity is very high for a given 
physical size. 

A filter capacitor should be checked for leakage current with 
its normal operating voltage applied, by means of a milliammeter. 
While some indication of the condition of a capacitor may be found 
from a simple ohmmeter check, the proper method involves the appli- 
cation of normal operating potentials. The method of testing a stand- 
ard 8-microfarad, 450-volt electrolytic capacitor is as follows: The ca- 
pacitor is connected in series with a 450-volt d-c source, a milliammeter 
(about 10 ma full scale) and a resistance of about 50,000 ohms shunted 
by a switch. The capacitor is permitted to charge for 5 minutes after 
which the shunting switch is closed. The milliammeter is then read. 
A well made electrolytic capacitor will have a very small leakage cur- 
rent when in continuous use. On intermittent operation the normal 
value of leakage current of an electrolytic capacitor is in the order of 
50 to 100 microamperes per microfarad. For example, an 8-microfarad 
450-volt electrolytic capacitor in good condition will have a leakage 
current of about 0.5 milliampere. The maximum leakage current should 
not exceed about 5 milliamperes. 
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Q. 3.31. A certain power company charges 7¢ per kilowatt-hour. 
How much would it cost to operate three 120 volt lamp bulbs, connected 
in parallel, each having an internal resistance of 100 ohms, for 24 hours? 


A. The cost would be 73 cents. 
D. Step 1: Find the power used by each bulb. 


E? 098145400 
R 100 
Step 2: The power used by three bulbs is 144 X 3 = 432 watts. 
Step 3: Find the watt-hours for the three bulbs. This is 432 X 24 = 
10,368 watt-hours. 
Step 4: To find the kilowatt hours, divide the watt-hours by 1000, 
1 
— = 10.368 kilowatt hours (kwh). 
Step 5: To find the cost, multiply the total kwh by the unit cost per 
kwh, or 10.368 & 0.07 = 73 cents. 


= 144 watts 


Q. 3.32. The output of an amplifier stage having a voltage gain 
of 30 dB is 25 volts. What is the input voltage level? 


A. The input-voltage level = 0.791 volt. 


D. Step 1: The input voltage level of an amplifier is equal to the 
output voltage divided by the gain of the amplifier, or 

yee | E out 

fan i Gain 


Step 2: Since the voltage gain is given in dB (30 dB), it is necessary 
to change the dB ratio to a voltage ratio. We have, 


dB = 20 logy, ( aa ) ; transposing and substituting: 


log —1 1.5 = 31.6 (the voltage gain) 


Step 3: Substituting in the original formula. 


Q. 3.33. What is the impedance of a parallel circuit which is com- 
posed of a pure inductance and a pure capacitance at resonance; of a 
series circuit at resonance? 
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A. (a) The impedance of the parallel circuit at resonance is infinite. 
(b) The impedance of the series circuit at resonance is zero. 


D. (a) The assumption is made in the question that zero resistance 
appears in both legs of the circuit. Under this condition parallel reson- 
ance occurs when X; = Xc. These are equal and opposite reactances 
and the total reactance will then be zero. The impedance measured 
across the combination will be infinite. Actually this is a theoretical 
condition since there is always appreciable resistance in the inductance 
leg of the parallel resonant circuit. In this case the net reactance will be 
capacitive. In order to have the line current in phase with the applied 


voltage, X¢ must equal X, + a 

(b) The definition of series resonance specifies that the inductive re- 
actance and the capacitive reactance are equal. Since the inductance 
tends to cause a 90° lag of current and the capacitance a 90° lead of 
current, the effect of the two reactances cancel, being equal and opposite, 
and the net impedance is zero. 


Q. 3.34. What is the “Q” of a circuit? How is it affected by the cir- 
cuit resistance? How does the “Q” of a circuit affect bandwidth? 


A. (a) The Q of a circuit is the ratio of the energy stored to the 
energy dissipated in the circuit over a period of one cycle. In practice, 
most of the energy is dissipated by coil losses and the coil Q determines 
the circuit Q. 

(b) The greater the internal (series) circuit resistance, the lower the Q. 
The lower the external-shunt circuit resistance, the lower the Q. 

(c) The bandwidth of a circuit is inversely proportional to its Q. 


D. (a) The term’ “circuit” as used in the question relates most com- 
monly to a parallel resonant circuit and is treated here as such. The “Q” 
of a parallel resonant circuit is determined mainly by the “Q” of the 
inductance. 

The energy storage is within the field of the pure inductance (no 
resistance) of the coil while the energy losses are due to a so-called “re- 
sistance,” made up of several parts. This resistance is designated effective 
resistance and consists of: 


1. The d-c resistance of the coil. 

2. The a-c resistance of the coil (skin effect). 

3. Dielectric losses in the wire insulation and coil form. 

4. Core losses. 

5. Radiation from the coil (if an appreciable part of a wavelength 


long). 


From the above, we see that Q may be described by the formula 
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Xp 


Q a R effective 

Sometimes eddy current losses in nearby bodies (such as a coil shield) 
are included, since the effect on circuit performance is the same as any 
other loss. 

(b) The bandwidth of a tuned circuit may be defined as the band of 
frequencies between the two points on the resonance curve which are 
three dB down from maximum (or 0.707 of the maximum amplitude of 
the resonance curve). If we express the two points (frequencies) as f, 
and f,, then the bandwidth is (f. — f,) and may be expressed by the 
equation 
if, 

Q 


where f, and f, are frequencies at the three dB points and f, is the reso- 
nant frequency of the tuned circuit. 

From this equation, it is apparent that the higher the value of Q, the 
narrower the circuit bandwidth will become (more sharply tuned). 

(c) In some cases a loading resistor is deliberately placed across a 
tuned circuit with the intention of increasing its bandwidth response by 
lowering the Q (increasing dissipated energy). Since this reduces the 
parallel impedance of the tuned circuit, a proportional reduction in gain 
takes place. This device is often used in television i-f amplifiers to obtain 
the necessary band pass. A simple formula to determine the value of 
f) , where 2 A f is the desired bandwidth, 

r 
f, is the resonant frequency, X, is the reactance of L at the resonant 
frequency. 


(f2 — f,) = 


loading resistance is R = X, 


Q. 3.35. Draw a circuit diagram of a low-pass filter composed of a 
“constant-k” and an “m-derived” section. 


Pi eeernIy, 3.55), 


Fig. 3.35. Low-pass filter, composed of a “‘constant-k’ section (left 
of dotted line) and an''m-derived’’ section (right of dotted line). 
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D. Both the “‘constant-k’’ and “‘m-derived”’ filters are special cases 
of basic filters (see also Q. 3.36). Basically, such filters are used 
to achieve sharper attenuation characteristics. The “m-derived” section 
is known as the “‘series-derived” type. There is also a “shunt-derived” 
type (not shown) where Cy would be eliminated from the shunt arm 
and placed across L;. The “constant-k” section shown is a pi section. 
Design data for such filters may be found in electrical engineering 
text books. 

Filters are designed to operate into a resistive terminating impedance. 
When this is true, the impedance looking into the input of the filter has 
the same impedance value throughout most of the filter pass-band. This 
constant impedance property (over the pass-band) is more readily 
achieved by using “m-derived” and “constant-k” filters than with sim- 
ple filters. 


Q. 3.36. In general, why are filters used? Why are “band-stop,” 
“high-pass,” and “low-pass” filters used? Draw schematic diagrams of the 
most commonly used filters. 


A. (1) In general, the purpose of a filter is to select the desired 
frequency component(s) (from a complex input wave); to reject the 
undesired frequency component(s) and to apply only the desired com- 
ponent(s) to the circuit(s) where they are required. (This is an idealistic 
definition, since in practice, some portion of the undesired frequency 
components will also be present at the output of the filter. ) 

(2) A “band-stop” (also called “band suppression,” or “band exclu- 
sion”) filter is one which discriminates against a band of frequencies 
within a spectrum and which passess frequencies above and below this 
band. 

(3) A “high-pass” filter is one which permits all frequencies above a 
selected cut-off frequency to be passed without attenuation and rejects 
frequencies below the cut-off frequency. 

(4) A “low-pass” filter is one which permits all frequencies below a 
selected cut-off frequency to be passed without attenuation and rejects 
frequencies above the cut-off frequency. 

(5) Schematic diagrams of commonly used filters are given in Fig. 
3.36. The most commonly used types are known as, “L,” “T,” and “Pi” 
filters. These may be used in single sections or in multiple sections to 
provide the desired filtering action. In addition to these, there are various 
other types of filters which provide special filter-response characteristics 
when needed. 


D. Two of the most commonly used filters are known as the “‘con- 
stant-k” and the “m-derived” filters. Various common configurations 
of these filters as well as three common types of RC filters are shown 
in Fig. 3.36. In the case of the m-derived filters, note that there are 
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(a) LOW-PASS, L-TYPE RC FILTER. (b) LOW-PASS, L-TYPE LC FILTER. 
CONSTANT-K TYPE. 


L/2 L/2 | C | 
C 


(c)LOW- PASS, T-TYPE LC FILTER. (d) LOW-PASS, II-TYPE LC FILTER. 
CONSTANT-K TYPE. CONSTANT -K TYPE. 
: | R | C 
| C | C R 


(e) LOW-PASS, II-TYPE RC FILTER. 
(f) HIGH-PASS, L-TYPE RC FILTER. 


7m aaa Ser s 


2c 
2k [: 
(g) HIGH-PASS, L-TYPE LC FILTER, (h) HIGH-PASS, T-TYPE LC FILTER, 
CONSTANT-K TYPE. CONSTANT-K TYPE. 


2L ails 


(i) HIGH-PASS, TT-TYPE LC FILTER, 
CONSTANT-K TYPE. 


(j ) BANDSTOP, TT-TYPE LC FILTER, 
CONSTANT-K TYPE. 


(k) BANDPASS, TT-TYPE LC FILTER, 
CONSTANT-K TYPE. 


Fig. 3.36. Common types of filters. 


both series and shunt types and examples are given of each, although 
space does not permit showing each possible variation. In addition, 
typical response curves for the four basic variations of constant-k filters 
are also shown in Fig. 3.36. (See also Q. 3.35 for additional informa- 
tion.) 

The constant-k filter (actually a form of artificial transmission line) 
is designed by the so-called ‘‘image-parameter’’ method (as is the 
m-derived type). This simply means that the generator (input) looks 
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Ly OW.» rv. _o 
: Deeg 
C2 
isk feo bua i Re e 
(1) LOW-PASS, L-TYPE LC FILTER, (m) LOW-PASS, T-TYPE LC FILTER, 
M-DERIVED, SHUNT TYPE. M-DERIVED, SERIES TYPE. 
Ly 
Ly > 
C2 Cy Co 2Lo 
| | 2c; 
(n) LOW-PASS, TT-TYPE LC FILTER, (0) HIGH-PASS, L-TYPE LC FILTER, 
M-DERIVED, SHUNT TYPE. M-DERIVED, SHUNT TYPE. 
2C, C2 2c, 
L2 
U 
(p) HIGH-PASS, T-TYPE LC FILTER, (q) HIGH-PASS, TT-TYPE LC FILTER, 
M-DERIVED, SERIES TYPE. M-DERIVED, SHUNT TYPE. 


OUTPUT 
AMPLITUDE 
OUTPUT 
AMPLITUDE 


fc 
FREQUENCY —> FREQUENCY —> 
(r) RESPONSE CURVE OF A (s) RESPONSE CURVE OF A 
CONSTANT-K, LOW-PASS FILTER CONSTANT-K, HIGH-PASS FILTER. 
(NOTE FLAT TOP INDICATING (fo = CUT-OFF FREQUENCY.) 


CONSTANT IMPEDANCE ). 
(fc = CUT-OFF FREQUENCY. ) 


O db 
-3 db WwW 
S 
uJ ae 
Oo Ri 
KP i 
Sitas en 
oo oa 
33 
° FREQUENCY —> FREQUENCY —®» 
(t) RESPONSE CURVE OF A (u) RESPONSE CURVE OF A 
CONSTANT-K, BANDPASS FILTER. CONSTANT-K, BAND-STOP FILTER. 


Fig. 3.36. Common types of filters. 
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into its own impedance, while the load (output) also looks into its 
impedance even though the two impedances may be different. Thus, 
such filters serve two functions: the elimination of undesired frequen- 
cies and the matching of two different impedances. The flat tops on 
the response curves for the low- and high-pass filters, shown in Fig. 
3.36, indicate that the impedance of a properly designed constant-k (or 
m-derived) filter of these types remains substantially constant through- 
out the design pass band. The design of the constant-k (and other LC 
filters) is practical over a range of frequencies from about 1 kHz to 100 
MHz. It is important to note that in the case of the filters herein dis- 
cussed the cut-off characteristics can be made sharper by the use of 
additional filter sections in cascade. Thus, a three-section filter will have 
a much sharper cut-off than a single section filter. 

M-derived filters (shown in Fig. 3.36) have an advantage over the 
constant-k types in that they exhibit a considerable improvement in the 
sharpness of the filter response. [M-derived and constant-k types may 
be combined (see Fig. 3.35) to achieve characteristics not achievable 
with constant-k types alone.} In addition, the frequencies of infinite 
attenuation are readily selected with the m-derived filters, but not for the 
constant-k types. 

The meaning of the term ‘‘constant-k’’ can be seen readily with the 
aid of Fig. 3.36(b). If the values of the inductance and capacitance are 
chosen correctly, any change of reactance of either one (due to change 
in frequency) will be exactly offset by an equal and opposite change in 
the other. Therefore, their product will always be a constant, which is 
here called the ‘‘constant-k.”’ 

The term “‘m,” from ‘‘m-derived,” is not as easily explained, but it 
is a term which is used in the calculation of the value of the reactances 
used in m-derived filters and is related to the ratio of the filter cut-off 
frequency to its frequency of infinite attenuation. It is interesting to 
note that when the value of m becomes one, the filter becomes a 
constant-k filter. 


The uses of filters may be generally listed as follows: 


1. Power supply ripple smoothing. 

2. Decoupling amplifier stages. 

3. Tuned circuits, as in RF or IF stages. 

4. Selection of desired products of heterodyning, as in the case of 
selecting particular sidebands in single sideband transmitters. 

5. Harmonic frequency suppression in transmitters. 

6. Coupling circuits between amplifier stages. 

7. Elimination of undesired frequencies in receivers, as in the case 
of a 4.5-MHz trap in a TV receiver. 


8. Elimination of IF frequencies in a receiver, following detection. 
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9. Improvement of the high- and low-frequency responses in video 
amplifiers. 

10. Restricting the audio frequency band-pass to be used; such as 
limiting it to 300 to 3000 hertz for use in a single-sideband transmitter. 

11. Cross-over networks used with loudspeaker arrangements, where 
lower audio frequencies are fed to a ‘‘woofer’’ and the higher audio 
frequencies are fed to a ‘‘tweeter.”’ 

12. Elimination of undesired interference frequencies from motors, 
generators and other electrical or electronic equipment. 

13. A virtually infinite application for other special uses. 


Q. 3.37. Name four materials that make good insulators at low fre- 
quencies, but not at UHF, or above. 


A. The following materials are adequate for low radio frequencies, 
but not at UHF and above. 


Rubber 
Fiber 
Paper 
Glass 
Bakelite 
Cambric 
Cotton 


NAME WN 


D. Insulators which are more suitable at the higher radio frequen- 
cies, include: 


Ceramics 

Mica 
Polystyrene 
Polyethlyene 
Special plastics 


ba ele a Bae 


Q. 3.38. In an iron-core transformer, what is the relationship between 
the transformer turns ratio and primary to secondary current ratio; be- 
tween turns ratio and primary to seconday voltage ratio? (Assume no 
losses.) 


A. (1) The ratio of primary to secondary currents is approximately 
in inverse ratio to the turns ratio. 

(2) The primary to secondary voltage ratio is in proportion to the 
turns ratio. (In the ideal case, this is true if the secondary is unloaded.) 


D. If the losses in the transformer are neglected, it can be assumed 
that the power which the primary draws from the line is all trans- 
formed to the secondary. If the power ratio is the same and the voltage 
ratio is 1 to 5, then the current ratio must be in inverse proportion to 
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the voltage ratio, or 5 to 1. The voltage ratio is proportional to the turns 


: 8 Cys peplhice 
ratio or, —*—=—*. The current ratio is inversely proportional to the 


Pit Ps 


i; 
turns ratio, — ain 
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Q. 3.39. What prevents high currents from flowing in the primary 
of an unloaded power transformer? 


A. The relatively high value of inductive reactance of the primary 
winding. 


D. When power is taken from the secondary, the secondary current 
sets up a magnetic field from this winding. Since the windings have 
mutual inductance, the secondary field cuts the primary winding and 
induces a voltage into the primary which causes additional primary cur- 
rent to flow. The additional current is taken from the line to supply the 
power requirements of the secondary. In effect, the secondary field causes 
a reduction of primary inductance and the smaller reactance permits ad- 
ditional primary current to be taken from the line. 


Q. 3.40. An audio transformer has a resistive load connected across its 
secondary terminals. What is the relationship between this resistance, the 
turns ratio and the input impedance at the primary terminals? How is 
this principle useful in matching impedances? 


A. (1) The input impedance is equal to the value of the resistance 
multiplied by the square of the turns ratio. 

(2) Any two impedances may be matched (within practical limits) 
by using the proper turns ratio of a transformer. 


D. The impedance ratio which a transformer can match is a function 
of the transformer turns ratio. A basic formula relating impedance ratio 
and turns ratio is: 


Np nie or (Xe Np r) =2 
eee | a h 
N, Zt Z. where 


N, is the number of turns in the primary 

N, is the number of turns in the secondary 

Z, is the primary impedance 

Z, is the secondary impedance 

This means, for example, that if 5400 ohms were connected to the 
secondary of a 1:3 step-up transformer, the apparent impedance, meas- 


2 
ured at the primary, would be 5400 X () ohms, or 600 ohms. 
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Q. 3.41. How is power lost in an iron-core transformer? In an air- 
core transformer? 


A. (1) Power is dissipated through the following losses (iron core): 


(a) Eddy current losses. 
(b) Hysteresis losses. 
(c) Copper losses. 


(2) Power is dissipated through the following losses (air core): 


(a) Radiation. 

(b) Skin effect. 

(c) Absorption through mutual coupling and/or shield losses. 

(d) Bandwidth loading resistor, where used in shunt with the coil. 


D. Eddy current losses are due to presence of circulating currents 
throughout the core material. The current in any path is directly pro- 
portional to the emf induced in it, and inversely proportional to the 
resistance of the path. The heat produced is proportional to the square 
of the induced current. Eddy current losses can be reduced by building 
the core out of thin laminations individually insulated, and by using 
material having high specific resistivity. Eddy current losses are pro- 
portional to the square of the maximum flux density, the square of 
the thickness of laminations, and the square of the frequency. This 
loss is unaffected by d-c core saturation. 

Magnetic hysteresis is a property of magnetic material by virtue of 
which the magnetic flux density corresponding to a given magnetiz- 
ing force (gilberts, ampere-turns) depends on the previous conditions 
of magnetization of the material. The effect of hysteresis, when the field 
is alternating, is an energy loss appearing as heat in the material. If 
a magnetic field is established in air, it will be found that under nor- 
mal conditions all of the energy stored in the magnetic field will be 
returned to the circuit upon the collapse of the field. If the field is 
established in iron or steel, however, only a part of the energy will 
be returned to the circuit, the remainder appearing as heat in the iron 
or steel. This heat loss is partly due to the effect of hysteresis. Accord- 
ing to the molecular theory of magnetism, the molecules in a magnetic 
material are haphazardly arranged when the material is unmagnetized. 
When a magnetizing force is applied, these tiny magnets turn and 
become aligned with the magnetic field. Their motion is resisted by 
a force which is called molecular friction. The work done in overcom- 
ing this friction is the hysteresis energy loss, which appears as heat. 
This loss is given by the equation: P=Kf(Bmoz)!-® watts, where K 
is a constant of the magnetic material, f is the frequency in hertz, and 
Baz 1S the maximum flux density in the material. 

The “copper losses” of a transformer are determined by the effective 
resistance of the primary and secondary windings and the current 
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through each winding. At power frequencies the copper losses may be 
found by determining the d-c resistance of each winding and multiplying 
this value by the square of the current in the winding. 

At radio frequencies, “skin effect” must be taken into account, as the 
effective resistance may be much greater than the d-c resistance alone. 
At radio frequencies, therefore, the copper loss is found by, P = I? X Reger 
watts. See also Q. 3.11 for “skin effect.” 


73:42, Explain the operation of a “break-contact” relay; a “make- 
contact” relay. 


A. (1) A “break-contact” relay is also known as a “normally-closed” 
relay. In this type of relay, when the coil is de-energized, one or more 
sets of contacts are closed and will open only when the relay coil is ener- 
gized. | 
(2) A “make-contact” relay is also known as a “normally open” 
relay. In this case, one or more sets of contacts remain open in the de- 
energized condition and close only when the relay coil is energized. 


Q. 3.43. What is the value and tolerance of a resistor which is color- 
coded (left-to-right): RED, BLACK, ORANGE, GOLD? 


A. The value of the resistor is 20,000 ohms. Gold signifies a +5 
percent tolerance. 


Q. 3.44. What would be the value, tolerance and voltage rating of 
an EIA mica capacitor whose first row colors were (from left-to-right): 


BLUE, RED, GREEN: second row: GREEN, SILVER, RED? 


A. In the EIA system, six dots are used to identify the capacitor. 
The top three dots are read from left-to-right, but the bottom three are 
read from right-to-left (continuing around the loop). Thus, in the ques- 
tion, the colors should be read in sequence as, (1) BLUE, (2) RED, 
(3) GREEN, (4) RED, (5) SILVER, (6) GREEN. However, in the 
EIA system the first dot (1) would be white, identifying the code as 
that of EIA and not MIL (which would have a black first dot). There- 
fore, the color sequence should read instead, (1) WHITE, (2) RED, 
(3) GREEN, (4) RED, (5) SILVER, (6) GREEN. 

The value of capacitance (in pF) is taken from dots 2, 3, and 4 and 
is 2500 pF. 


The tolerance is taken from dot 5 (Silver) and is + 10 percent. 

Dot 6 gives the EIA class (A through G) which specifies tempera- 
ture coefficient, leakage resistance and other variable factors. The voltage 
rating is not given by any color dot directly but is generally 500 volts. 
(Voltage ratings may be found in the manufacturer’s data sheets or in 
supply catalogues, when in-doubt.) 

EIA are the initials for the Electronic Industries Association, formerly 
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known as the RETMA; which stood for the Radio-Electronics-Television 
Manufacturers Association. 


Q. 3.45. List three precautions which should be taken in soldering 
electrical connections to assure a permanent junction. 


A. Some precautions in soldering are: 


1. Clean parts thoroughly, if they are not already tinned. If the parts 
are not tinned, it is helpful to tin then before soldering. 

2. Make a good mechanical connection between the parts. 

3. If the solder does not have an inner rosin core, it will be helpful 
to apply a small quantity of rosin to the joint. (Most electronic-type 
solders have an inner core of rosin or other non-corrosive flux.) 

4. Use a soldering iron or soldering gun of high enough wattage rat- 
ing so the joint will be adequately heated. 

5. Heat the joint so it is hot enough to melt the solder. Don’t “paste” 
molten solder on a cold joint. 

6. Maintain the heat for a sufficient time to permit the solder to flow 
freely over the entire joint. 

7. Use just enough solder to cover the entire joint evenly. 

8. Never use acid flux in electrical work, as it is highly corrosive. 

9. Be certain the parts of the joint do not move while the solder is 
cooling. 


ELECTRON TUBES 


Q. 3.46. Discuss the physical characteristics and a common usage of 
each of the following electron tube types: 
a. diode 
b. triode 
. tetrode 
pentode 
beam power 
. remote cut-off 
duo-triode 
. cold-cathode 
. thyratron 


rR mo 6 


A. (a) Diode: A two-electrode vacuum tube (Fig. 3.46(a)) containing 
a cathode and a plate housed in a glass or metal-evacuated envelope. 
Connections from the elements are brought out to a plug-in base, or to 
wires in the case of sub-miniature tubes. The cathode may be a directly 
heated wire or an indirectly heated metal sleeve. In the case of the 
sleeve, this is given an oxide coating which is an efficient electron emitter. 
(Directly heated cathodes are also oxide coated to improve their emission 
characteristics.) Indirectly heated cathode sleeves are brought up to oper- 
aung temperature by a heated filament wire inside of, but insulated 
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from, the emitter sleeve. Diodes are rectifiers and are used as r—f detec- 
tors, peak detectors and power-supply rectifiers. They are also commonly 
used as d-c restorers (clampers), limiters and clippers. 
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Fig. 3.46(a). Cross-section of a diode. 


(b) Triode: A triode is a three-element tube. It contains either 
a filament or cathode structure, a grid, and a plate (Fig. 3.46(b)). 
If the emitter is of the filament type, it is usually made of thor- 
iated tungsten. This is formed by dissolving a small amount of thorium 
oxide and carbon in a tungsten filament. The conventional cathode is 
formed in two sections. The outer section consists of a hollow nickel 
cylinder which is coated with thorium oxide. Within the cylinder is a 
tungsten wire suitably insulated from the cylinder. This wire may be 
heated by either a.c. or dic. and in turn causes the cylinder to become 
properly heated. The usable emission comes from the outer surface of 
the cylinder. The grid which surrounds the cathode is usually made 
of molybdenum wire which is spirally wound upon two vertical sup- 
porting wires. The plate is usually made of nickel or iron pressed out of 
sheet material and crimped or flanged to increase rigidity. It is usually 
blackened to increase the heat radiation. Some large power tubes have 
graphite plates which are superior under high temperature conditions. 
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Fig. 3.46(b) Cross-section of a triode. 


Connections to all elements are usually made through a base at the 
bottom of the tube. Triodes are used for a variety of functions. Some of 
these are: oscillator, r-f or a-f amplifier, clamper, voltage regulator and 
cathode follower. 

(c) Tetrode: A tetrode is similar in physical construction to a triode, 
but with the addition of a spirally wound screen grid placed between 
the plate and control grid. Connections to elements are usually made to 
a base at the bottom, although in some high frequency tubes connec- 
tions to grid and plate are brought out through the side and top. Tetrodes 
are seldom if ever used in receiving circuits. They are sometimes used in 
transmitters as power r-f amplifiers or modulators. 

(d) Pentode: The pentode has 5 elements. (See Fig. 3.46(d).) These 
are four elements identical to tetrode arrangements plus another spirally 
wound wire grid which is located between the screen grid and the plate. 
This addition is called the suppressor grid. Pentodes have a very wide 
variety of uses. Some of these are: r-f amplifier, video amplifier, cathode 
follower, audio amplifier (usually pre-amplifier or speech amplifier), i-f 
amplifier, oscillator (generally crystal), mixer and control tube for volt- 
age regulator. 

(e) Beam Power: A tube usually consisting of a cathode, 
control grid, screen grid, plate, and two “beam forming” plates 
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on either side of the cathode (Fig. 3.46(e)). These plates are 
operated at cathode potential. The control grid and screen grid wires 
are aligned with each other so that the electron stream flows through 
them in “sheets.” This reduces the screen grid current and thus in- 
creases the tube efficiency. These “sheets” diverge beyond the screen 
grid and cross the paths of other sheets thus forming an area of high 
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(a) PENTODE CONSTRUCTION (b) PENTODE SYMBOL 
Fig. 3.46(da). Cross-section of a pentode. 


electron density just short of the plate. This dense negatively charged 
area serves the same purpose as a suppressor grid, but permits more 
linear tube operation, with a reduction of third harmonic distortion. 
The “beam forming” plates confine the electrons to beams and also 
serve to prevent any stray secondary-emission electrons from approach. 
ing the screen grid from the sides of the tube. 

(£) Remote Cut-Off: Generally refers to pentodes with special control- 
grid spacing (Fig. 3.46(f)). The grid turns are closer together at both 
ends, but have a wider spacing in the center. A common application for 


these tubes is in AGC (or AVC) controlled i-f amplifiers. Another use 
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would be in audio volume expander or compresser circuits. In general, 


they are used in circuits where an automatic (or manual) control of 


circuit gain is desired, by changing the control-grid voltage(s) of the 
stage(s). | 
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Fig. 3.46(e). Cross-section of a beam power tube. 
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Fig. 3.46(f). Cross-section of a remote cut-off tube. 
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(g) Duo-Triode: This merely indicates that two triodes are in one 
tube envelope. The primary advantages are the savings in space, parts 
and cost. The uses are the same as given in part (b). 

(h) Cold Cathode: A typical cold-cathode gassy-diode rectifier tube 
consists of a large area cathode (which is coated with suitable emitting 
material such as barium or strontium), a small diameter rod-shaped 
pointed anode, and a starter anode. (See Figure 3.46(h).) These ele- 
ments are enclosed in an envelope containing a gas such as helium, acety- 
lene, argon, or neon. The gas pressure is critical for correct operation. 
Common uses for these tubes are as voltage regulators and rectifiers. 
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Fig. 3.46(b). Cross-section of a cold cathode tube, 


(1) Thyratron: A mercury vapor or gas filled tube (Fig. 3.46(i)) 
having special characteristics which make it adaptable for power 
or voltage control in electronic devices. The thyratron may be 
found in either triode or tetrode form. However, the nature of the grid 
control is considerably different from the normal control as found in 
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Fig. 3.46(i). Cross-section of a thyratron. 


conventional amplifier tubes. In a thyratron, the grid is capable only of 
controlling the start of plate current. Once the current has started, the 
grid can neither stop it, nor alter its magnitude. The current can be 
stopped only by making the plate potential zero or negative for a short 
period of time. In the case of a tetrode thyratron the purpose of the 
screen grid is to reduce the control grid current which flows during 
periods of non-conduction. In another type of tetrode thyratron, both 
grids must receive positive triggering voltages simultaneously for the 
tube to fire. This type is sometimes called a “coincidence tube.” One 
use of a small thyratron is as a sawtooth generator in an oscilloscope. 
In this case, the control grid serves as a synchronizing device. The larger 
thyratrons are used as Inverters, as d-c motor control devices, and to 
fire ignitrons. The “coincidence tube” is used wherever it is desired to 
initiate an operation when two signals are in the correct phase and am- 
plitude. It is used in radar, beacon-AFC circuits and in industrial elec- 
tronics circuits. 
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D. (a)(b) Diode, Triode: Take first the diode conditions. Assume 
the plate voltage is zero and that the cathode is properly heated. Elec- 
trons will be emitted by the cathode, and attracted back to the cathode 
in such a way that an electron “cloud” of constant density will form 
around the immediate vicinity of the cathode. This “cloud” is called the 
space charge. If a relatively low positive potential is applied to the plate 
(with respect to the cathode), the plate assumes a positive charge, as 
in any capacitor, and an electrostatic field will exist between the plate 
and cathode. The forces acting in this field will be in such a direction 
as to urge electrons to move toward the plate and away from the space 
charge. With a low value of plate voltage applied, the forces will be 
relatively weak and a comparatively small number of electrons will 
move into the plate and produce a small value of plate current in the 
external circuit. If the plate voltage is increased, the positive charge of 
the plate will also be increased and this in turn will increase the forces 
acting in the electrostatic field. More electrons will be removed from 
the space charge during any given period of time (and replenished from 
the cathode emission) and thus cause an increased plate current. On the 
other hand if the original plate voltage were maintained, but the spac- 
ing between the plate and cathode were reduced, the plate current would 
again be increased in inverse proportion to the spacing. (This would 
be similar to decreasing the spacing between the plates of a capacitor 
and thereby increasing its charging capabilities by increasing its capa- 
citance.) A simple expression which describes the electrostatic forces 


acting upon the space charge is F = where F is the force acting 


E 
300d’ 
upon the space charge and is measured in dynes (1 dyne = 1/28,000 
ounce), £ is the potential difference between cathode and plate, and d 
is the plate-to-cathode spacing in centimeters. The formula shows that 
the electrostatic forces acting upon the space charge (and producing 
plate current) vary directly as the applied plate potential, and inversely 
as the plate-to-cathode spacing. For example, if the plate potential and 
the plate-to-cathode spacing were simultaneously cut in half, the plate 
current would remain unchanged. If the plate-to-cathode spacing were 
reduced to 1/10 of its original distance, the original plate current mag- 
nitude could be maintained with only 1/10 of the original plate potential. 
In other words, for any given applied potential, the degree of control 
which an electrode possesses with regard to the space charge increases 
as the electrode is brought closer to the space charge. 

The triode has three elements: a cathode; a plate, which is relatively 
distant from the cathode; and a grid located quite close to the cathode. 
The grid might be considered to be another plate, but so constructed 
as to permit the passage of electrons through its wires. The fact that 
the grid is located so much closer to the cathode than the plate means 
that, for a given applied potential, the grid will exert a much greater in- 
fluence upon the space charge and plate current than the plate. Thus a 
relatively small change of grid voltage is capable of producing a large 
change in plate current. If an impedance is placed in series with the 
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plate current flow, a relatively large voltage drop will appear across its 
terminals for each small change of grid potential. Thus, the tube is able 
to amplify because the control electrode (grid) is placed relatively close 
to the cathode, in comparison to the plate. | 

(c) Tetrode: The tetrode has an additional screen grid usually 
operated at about % of plate supply voltage for voltage amplifiers, and 
approximately equal to plate supply voltage for power amplifiers. The 
screen grid has two important functions: first, it greatly reduces the 
grid to plate capacitance, thus making it unnecessary to neutralize r-f 
amplifiers except at very high frequencies, and second, it makes the 
plate current substantially independent of plate voltage. This factor 
makes it possible to obtain much higher values of amplification than 
with triodes. The plate efficiency is about 10°% greater than with 
triodes. 


(d) Pentode: This is a 5-element tube, the added element being a 
suppressor grid. The suppressor grid is usually at cathode potential 
making it extremely negative relative to the plate. The suppressor grid 
further reduces interelectrode capacitance between control grid and 
plate, and also makes possible greater power output and higher gain 
than a tetrode tube. Primarily the suppressor grid acts to return sec- 
ondary electrons to the plate rather than to permit them to be picked 
up by the screen grid. Pentodes can be operated at higher r-f frequen- 
cies without neutralization than tetrodes. 

(e) Beam Power: The variations of plate current with changes in plate 
voltage in a beam power tube are similar to those of a normal pentode, 
the main difference being that in circuits where there is considerable 
plate current flow, the plate current in a beam power tube will be 
relatively independent of plate voltage down to a lower value of 
plate voltage than the plate current in a pentode. Thus, the effective 
operating range of a beam power tube is somewhat greater than that 
of an equivalent or similar pentode. By concentrating the electrons 
in smooth beams or sheets (as contrasted with the uneven structure of a 
suppressor grid), the suppressor action of the space charge formed in 
a beam power tube provides superior action to that offered by a sup- 
pressor grid of the conventional type. 

The beam power tube is commonly used as an audio amplifier in the 
output and power stages of circuits having low- to moderately high- 
output ratings. The beam power tube is less frequently used as a radio- 
frequency power amplifer. 

(h) Cold Cathode: Electron emission from the cathode is due to two 
major factors: 

1. If the electrostatic field produced by the starter anode is sutf- 
ficiently great, electrons will be pulled from the cathode coating by 
force of attraction. 


2. Any gas is always in a state of partial ionization. The existing 
positive ions are accelerated by the cathode to starter-anode voltage so 
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that they strike the cathode with sufficient force to aid in the emission 
of electrons. The rectifying action of such a tube makes use of the fact 
that the current which ionization causes to exist between two electrodes 
in a low-pressure gas is approximately proportional to the area of the 
cathode. If one electrode has a very large area (cathode) and the other 
electrode a very small area (anode), electrons will flow in the direction 
from cathode to anode. Conduction occurs on that half cycle which 
makes the anode positive with respect to the cathode. 


Q. 3.47. What is the principal advantage of a tetrode tube over a 
triode tube as a radio-frequency amplifier? 


A. The lack of necessity for neutralizing, except possibly at ultra 
high frequencies. 


D. If an r-f amplifier is operated with its plate and grid circuits 
tuned to approximately the same frequency, there is a strong likelihood 
that the amplifier will act as a tuned-grid tuned-plate oscillator. This is 
particularly true of triode amplifiers, where the value of grid-to-plate 
capacitance is relatively large; this would cause large energy feedback 
from the plate to the grid circuit, and thus permit sustained oscillations 
to occur. The problem is less serious in tetrodes or pentodes, where the 
grid-to-plate capacitance is much smaller. 


Q. 3.48. Compare tetrode tubes to triode tubes in reference to high 
plate current and interelectrode capacitance. 


A. (1) Tetrode tubes of similar construction to triodes, are capable 
of higher plate currents, because the plate current is largely dependent 
upon a constant value of screen-grid voltage. (See Discussion. ) 

(2) Tetrodes have greatly reduced values of control grid-to-plate ca- 
pacitance compared to triodes. (See Discussion.) 


D. (1) Maximum plate current characteristics of tetrodes versus tri- 
odes cannot be directly compared, since this is largely a function of the 
permissible plate dissipation of a particular tube. However, all other 
conditions being equal, the affect of the screen grid operation is to make 
the plate current relatively independent of the plate voltage and to reduce 
the space charge in the vicinity of the plate. When the actual plate volt- 
age of a triode is reduced because of high current through the plate 
load, this in turn tends to limit the maximum possible plate current. 
However, in the tetrode (or pentode), the plate current is more de- 
pendent upon screen-grid (than plate) voltage and may therefore be 
driven to a higher value, since the screen-grid voltage remains at a rela- 
tively fixed value, regardless of the plate current. 

(2) In the tetrode, the screen grid is interposed between the control 
grid and the plate. The a-c ground of the screen grid is returned to 
ground or to the cathode and has the effect of an electrostatic shield 
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between the plate and control grid. The effective grid-to-plate capaci- 
tance now consists of two small capacitances in series, the control grid- 
to-screen grid capacitance and the screen grid-to-plate capacitance. The 
resultant capacitance (control grid-to-plate) is smaller than either ca- 
pacitance and may be in the order of .01 pF. In comparison, a triode 
of similar dimensions and ratings may have a grid-to-plate capacitance 
of 2.0 pF. The lower capacitance of the tetrode greatly reduces plate 
to control grid feedback and consequently the possibility of sustaining 
oscillations or regeneration in the stage. See also Questions 3.46 and 
3.47, above. 


Q. 3.49. Are there any advantages or disadvantages of filament type 
vacuum tubes when compared with the indirectly heated types? 


A. (1) Filament-type tubes: — Advantages. 

(a) Quick heating. 

(b) More efficient in converting heating power into thermal emission. 

(c) Used to provide high values of current (i.e., in rectifiers, or high 
power tubes). 

(2) Filament-type tubes: — Disadvantages. 

(a) Prone to hum problems. 

(b) Lower gain. 

(c) Prone to filament breakage. 

(d) Require higher operating temperatures for efficient emission. 

(3) Indirectly heated tubes: — Advantages. 

(a) Elimination of heater hum problems. 

(b) Operates at relatively low temperatures. 

(c) Can be made with much higher gains, since grid can be wound 
closer to the cylindrical cathode. 

(d) Cathode can be coated with a material which is an efficient elec- 
tron emitter; such as barium, calcium, and strontium oxides. 

(4) Indirectly-heated tubes: — Disadvantages. 

(a) Longer warm-up time. 

(b) Cathode surface is not as rugged as a directly-heated filament. 

(c) Cannot be used to supply very high values of current. 


Q. 3.50. Draw a simple circuit diagram consisting of each of the 
following and describe its operation. Show a signal source and include 
coupling and by-pass capacitors, power supply connections and plate load. 

(a) AF “grounded-cathode” triode amplifier with cathode resistor 
biasing, as for “Class A” operation. 

(b) AF “grounded-cathode” pentode amplifier with battery biasing: 
for “Class A” operation. 

(c) RF “grounded-grid” triode amplifier with LC tank plate-load for 
“Class B” operation. 

(d) AF “cathode-follower” triode amplifier. 
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(e) AF “push-pull” pentode amplifier operated “Class B” with trans- 
former coupling to a speaker. 


A. (a) See Figure 3.50(a) for diagram of the triode amplifier. The 
incoming audio frequency signal is applied to the grid through cou- 
pling capacitor, C,, and the grid resistor, Rg. The actual tube-grid 
signal is developed across Rg which also provides the necessary d-c 
ground for the grid. The time constant of Rg X C, is chosen to pass 
the lowest desired audio frequency with minimum attenuation. The 
correct bias for Class A operation is provided by the voltage drop across 
Rx which occurs because of plate current passing through it. The cathode 


— — 


Fig. 3.50(a). Triode-audio amplifier, with cathode bias. 


is thus caused to become positive with respect to the grid (grid is nega- 
tive with respect to cathode). To prevent degeneration (loss of gain) in 
the amplifier, Rx is bypassed by a suitable value of capacitor, Cx. The 
time constant Rx X Cx is chosen to be at least five times as long as the 
period of the lowest frequency involved. (The same is true for the time 
constant of C,. X Rg.) The input signal is amplified and inverted in 
polarity in the plate circuit and appears across the plate load resistor, Ry. 
The output signal is coupled from the amplifier via coupling capacitor, 
C,. (See also Q. 3.46b, above.) 

(b) See Figure 3.50(b) for diagram of the Pee Oe amplifier. The 
basic operation of the pentode is the same as the triode (above). How- 
ever, fixed battery-grid biasing is used. This scheme for biasing is not 
commonly used in Class A audio amplifiers, but has the advantage of 
being independent of plate and screen grid currents. Fixed bias schemes 
are seen more frequently in transmitters and for Class AB and Class B 
audio amplifiers. The correct screen-grid voltage is obtained by the cor- 
rect value of screen-grid dropping resistor (Rsg). Capacitor Cs, prevents 
screen grid degeneration and provides an a-c ground for the shielding 
effect of the screen. (See also Q. 3.46 (d), above.) 

(c) In the grounded-grid amplifier, the grid is at signal ground and 
the signal is fed into the cathode circuit. In the schematic, Fig. 3.50(c), 
fixed bias is employed to achieve Class B operation. 
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Fig. 3.50(b). Pentode-audio amplifier, with battery bias. 


In the grounded-grid amplifier the input voltage is actually in series 
with the external load impedance connecting the plate and cathode 
(plate load, power supply, and cathode load) and the tube acts as 
though it were excited at the grid, but had an amplification factor 
of (u¥+1) instead of yw. The input (cathode impedance) of the 
grounded-grid amplifier is low, being approximately the reciprocal 
of the g,, of the tube. For a g,, of 6000 micromhos, the input im- 
pedance is 166 ohms. Thus it may be seen that the input may exert a 
considerable loading effect upon the driving source. The formula for 
computing the gain of a grounded-grid amplifier is: 


a Ri (pt) 
R,;, mite’ 


G 


R-F INPUT 


Fig. 3.50(c). A grounded-grid amplifier. 


Cb 
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Note the similarity to the equation for the gain of a grounded-cathode 
amplifier. 

Grounded grid amplifiers are sometimes used at very high frequencies 
because it is often possible to utilize triode tubes without the necessity 
for neutralization. In the grounded-grid amplifier the feedback capaci- 
tance is not the plate-grid capacitance, but is the much smaller plate- 
cathode capacitance. This smaller capacitance is less likely to cause oscil- 
lations, even at extremely high frequencies when special triodes (Light- 
house type) are used. 

(d) The triode cathode-follower diagram is given in Fig. 3.50(d). 
The gain of a cathode-follower is always less than unity. 


B+ 
INPUT 
(HIGH OUTPUT 
IMPEDANCE) Rg R, (LOW 


IMPEDANCE) 


Fig. 3.50(4). Simplified schematic diagram of cathode- 
follower. 


As shown in the figure, the output of a cathode-follower is taken 
across the cathode resistor (Rx). The output voltage is in phase with 
the input and is degenerative. Thus, the output voltage is always less 
than the input voltage: The gain is largely dependent upon the value 
of Rx and is given by the equation: 


si et wR es 
th +Re(ut+1) 


An important characteristic of a cathode-follower is its very low output 
impedance which is approximately equal to Rx in parallel with the recip- 
rocal of the tube’s transconductance. Typical values for triodes are 200 
to 400 ohms and for pentodes may be as low as 50 to 100 ohms. The 
low-output impedance coupled with the high-input (grid) impedance, 
makes the cathode-follower useful as an impedance-matching device 
when driving transmission lines or other low-impedance devices. 

(e) In a Class B push-pull audio amplifier, both tubes are biased close 
to cut-off (this is known as extended cut-off). Bias is generally supplied 
by an external bias supply to provide a stable operating point. The grid- 
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excitation voltages are higher than those used for Class A operation since 
they must cause grid current to flow in each tube. Because of the bias, 
each tube will draw plate current for slightly more than 180 degrees and 
will be cut off for the remainder of the input cycle. Grid current may 
flow in each tube for as much as 30 degrees of the input cycle. Although 
each tube conducts for only about one-half cycle, they conduct alternately 
and produce a full cycle.of the input wave when combined in the output 
transformer. For diagram, see Fig. 3.50(e). 


SPEAKER 


Fig. 3.50(e). Audio-frequency, push-pull pentode, Class B amplifer. 


Class B operation for an audio amplifier provides maximum efficiency 
and power output, but this is coupled with higher audio distortion than 
Class AB or Class A operation in push-pull. Class B single-ended opera- 
tion cannot ordinarily be used for audio frequencies because of extreme 
distortion. (The plate efficiency of a Class B amplifier may be in the 
order of 50 to 60 percent, compared to about 25 percent efficiency for 
a Class A amplifier.) 

In the usual Class B operation, grid current flows for an appreciable 
portion of each cycle, thus presenting a low input impedance to the 
driving source. This requires that the driver be capable of delivering 
power to the grid circuits without being overloaded, to maintain low 
distortion at the input circuits. To provide a match from the relatively 
high output driver impedance to the lower grid input impedance of 
the Class B stages, a step-down transformer is generally employed. A | 
well-regulated power supply is needed to supply Class B tubes because 
the average plate current varies in proportion to the grid signal. Class 
B operation is not usually designated as B1 (no grid current) or B2 
(grid current) since Class B operation almost always requires that grid 
current be drawn to obtain maximum efficiency. 

Tubes which are specifically designed for use as Class B amplifiers 
operate at either zero or at very low bias potential. This eliminates 
the need to provide a special, well-regulated bias supply, since the 
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tubes generally operate at zero bias. With such tubes, grid current is 
drawn during almost the entire positive half of each cycle. 


Q. 3.51. What kind of vacuum tube responds to filament reactivation 
and how is reactivation accomplished? 


A. It is usually considered that only thoriated tungsten filaments 
may be reactivated. This is not necessarily true as many oxide coated 
cathodes have been reactivated. 

The method of reactivating a thoriated tungsten filament is as fol- 
lows: The filament voltage is raised to about 314 times normal and 
kept there for about 1 minute. It is then reduced to about 14 times 
normal and held there for about 1 hour. This method is not recom- 
mended for tubes with normal filament voltages above 5 volts. 


D. The following method of reactivating cathodes of cathode ray 
tubes proved successful in at least 50°% of the cases in which it was 
tried. A source of about 400 volts d.c. is connected in series with a 
milliammeter between the intensity grid and the cathode, with the posi- 
tive terminal going to the intensity grid. The filament voltage 1s 
then raised by about 50° and the milliammeter is constantly observed. 
After some period of time, sometimes as long as 5 minutes, the milli- 
ammeter reading will be observed to be slowly and then rapidly increas- 
ing. When the reading reaches about 70 milliamperes the supply voltage 
should be instantly disconnected. The intensity grid may become red 
momentarily, but this is of little consequence. 


Q. 3.52. Draw a rough graph of plate-current versus grid-voltage 
(I, vs E,) for various plate voltages on a typical triode vacuum tube. 

(a) How would output current vary with input voltage in Class A 
amplifier operation? Class AB operation? Class B operation? Class C 
operation? 

(b) Does the amplitude of the input signal determine the class of 
operation? 

(c) What is meant by “current-cutoff” bias voltage? 

(d) What is meant by plate-current “saturation”? 

(e) What is the relationship between distortion in the output current 
waveform and: 

(1) The class of operation? 

(2) The portion of the transfer characteristic over which the signal is 
operating? 

(3) Amplitude of input signal? 

(f) What occurs in the grid-circuit when the grid is “driven” posi- 
tive? Would this have any effect on biasing? 

(g) In what way is the output current related to the output voltage? 
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A. The plate-current versus grid voltage graph is given in Fig. 
3.52(a). A transfer characteristic curve drawn for one particular value 
of plate-load resistance is given in Fig. 3.52(b). The bias points for 
class “A,” “B” and “C” operation are shown. 


D. Class A is usually near the center of the linear portion of the 


curve. 
Class B can be either at actual cut-off bias or as shown in the figure 


at “projected cut-off” for linear operation. 


16 
= 
os 
a /} 
aE MAVAVAVAV 
Die VATA Oe, 


Ba 
NE AE OO Ae oi 
Pee CO =I6 -l2 -8 -4 O 
GRID VOLTS, ec 


Fig. 3.52(a). Graph of plate current versus grid voltage for 
various values of plate voltage for a typical triode. (Transfer 
characteristics.) 


Class C can be any value greater than cut-off bias but is frequently 
about 2 X cut-off. 

(a) (1) Class A operation: A class A amplifier is one in which the 
grid bias and alternating grid signal are such that plate current flows for 
the entire 360° of an input sine wave voltage applied to the grid. Opera- 
tion is confined as nearly as possible to the most linear portion of the 
tube characteristic. 

(2) Class AB operation: In class AB operation (refer to Fig. 3.52(b)) 
the bias is approximately half way between the class A and class B points. 
In this case, plate current will flow for approximately 270 degrees of the 
input wave. The average plate current will not be constant as with class 
A operation (see (1) above), but will increase with increasing ampli- 
tudes of the input grid signal. This type of operation is most commonly 
used for audio output amplifiers. In this case, two tubes in push-pull 
must be used to eliminate the high level of distortion which would occur 
were only one tube used. 

(3) Class B operation: In class B operation, the bias is set slightly 
above the actual cut-off value, so that plate current flows for slightly 
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Fig. 3.52(6). Tube characteristic curve, with certain 
significant bias points. 


more than 180 degrees of the input wave. Class B operation is frequently 
used in modulators and r-f amplifiers and in high-power audio amplifiers 
(push-pull) where low distortion is not the prime consideration. The 
average plate current of a class B amplifier varies normally during opera- 
tion, where the input signal is not a constant amplitude, sinusoidal volt- 
age. (It practically never is, except possibly during tests.) With no input 
signal applied to the class B amplifier grids, the plate current will be 
extremely small. (This is an advantage in portable or high power equip- 
ment where conservation of the power supply is essential.) The plate cur- 
rent will vary in direct proportion to the amplitude of the grid signal, 
and since an audio wave contains many harmonic frequencies, the shape 
and amplitude of the modulating signal is constantly changing. This in 
turn causes consequent variations of plate current. If the modulator were 
operated class A, the plate current would remain substantially constant, 
with or without excitation. 

(4) Class C operation: In class C operation, the bias is set at some 
value greater than cut-off bias. Thus, the plate current flows for less 
than 180 degrees of the input wave, and is permitted to flow only 
during the time that the instantaneous value of plate voltage is at or 
near its minimum value. At all other times the tube is non-conducting. 
This permits a relatively small loss on the plate and high plate efficien- 
cy. However, in order that the above conditions be met, a large value 
of bias must be used, in some cases equal to 4 times cut-off value, but 
usually about twice cut-off value. Since grid current must flow at some 
time in each cycle, a relatively large value of grid driving power must 
be available from a low impedance source. Appreciable r-f power is 
consumed in the grid circuit. Although the plate current wave is a 
pulse and rich in harmonics, the plate voltage waveshape will be sinu- 
soidal since the plate load will in most cases be a tank circuit with a 
reasonably high Q. An interesting feature is that the maximum positive 
value of grid voltage (€¢ max), is approximately equal to the minimum 
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value of the plate voltage (€3 min). Class C amplifiers may not be used 
in audio amplifiers due to the high distortion, but are commonly used 
for r-f amplification in transmitters; they are often applied to special 
circuits such as clippers and peakers. 

(b) No. The class of operation is determined basically by the grid- 
bias value. It is possible to overdrive an amplifier, but this does alter its 
class of operation. 

(c) Theoretically, this is the value of bias which will prevent plate cur- 
rent from flowing (no signal input). The amount of bias needed for a 
given class of operation is inversely proportional to the amplification fac- 
tor (u) of the tube. For example, in class C operation where the bias is 


equal to twice cut-off, it may be found from the formula, E, = aoe 


(d) For any given filament or cathode temperature “plate saturation” 
occurs when the plate current is equal to the electron emission. Under 
normal operating conditions for an amplifier tube, the cathode tempera- 
ture and plate supply voltage are fixed. Saturation effects may occur 
when a further positive swing of the grid can no longer produce an 
appreciable increase of plate current. 

(e) (1) In true class A operation, the output waveform is essentially 
an undistorted reproduction of the input waveform. In classes AB, B 
and C (see (a) above), plate current flows for only a portion of the cycle. 
Distortion in an audio amplifier is greatest for class C and less for classes 
B and AB respectively. Distortion for class AB and class B audio ampli- 
fiers can be greatly reduced by using two tubes in push-pull. Where the 
plate load is a resonant tank circuit of reasonable Q (10 or more), single- 
ended class B or C amplifiers produce very little distortion in the output. 

(2) The transfer characteristics are shown in Fig. 3.52(b). For mini- 
mum distortion, operation should not extend into the lower curved por- 
tion of the characteristic, for any given plate voltage. Neither should the 
tube be driven into the region of plate saturation. 

(3) For an undistorted output signal the input signal amplitude and 
bias must be such that operation will occur along the linear portion of 
the transfer characteristic (Fig. 3.52(b)). If the grid signal is increased 
beyond these limits, the grid swing will extend into the regions of plate 
current cut-off and saturation. If this occurs, the output waveform will 
be distorted; the distortion increasing with further increases of the am- 
plitude of the grid signal. 

(£) (1) Grid current flows in the driven tube. This causes the tube 
(grid-to-cathode) to present a low impedance to the driving circuit and 
may cause distortion in audio amplifiers. 

(2) If the input circuit were RC coupled, the input coupling capacitor 
would charge and this would tend to increase the stage bias. Assuming 
the stage to be an audio amplifier, the RC time constant of the coupling 
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capacitor and grid resistor would be large enough to maintain the charge 
between high positive peaks of the signal. The charge is therefore aver- 
aged in the coupling capacitor and the capacitor voltage is added to the 
normal bias voltage. The greater the positive signal peaks, the higher 
the average capacitor voltage will be, and the greater the increase of bias. 

(g) The output current is the current in the tubes’ output load, while 
the output voltage appears across this load. The output current is also 
the tubes’ plate current. This current passing through the load im- 
pedance creates the output voltage. This may be expressed as, 


Fett 2 Lo; 
o = output voltage 


is 
I, = output current 
Z, = load impedance 


where 


° 


If the plate load is purely resistive, the plate current will be in phase 
with the plate voltage across the load. An increase of plate current will 
result in a proportional increase of output voltage change across the load. 
If the plate load is a pure inductance, the plate current will lag the out- 
put voltage by 90 degrees. A parallel resonant circuit in the plate presents 
a resistive load at resonance, but acts like an inductive load when tuned 
above the input frequency, and like a capacitive load when tuned below 
this frequency. 


Q. 3.53. What is meant by “space charge?” By “secondary emission”? 


A. (a) “Space charge” is a charge due to the accumulation of nega- 
tive electrons in the space between certain vacuum tube elements. 

(b) “Secondary emission” is the emission of electrons from a material, 
due to the impact of high velocity electrons upon its surface. The original 
electrons are called primary electrons. 


D. (a) Ina diode which is not operating under saturation conditions, 
it will be found that a “cloud” of electrons exists between the cathode 
and the plate; the cloud is concentrated in a thin layer immediately 
surrounding the emitting surface. This cloud of electrons is called the 
“space charge” and exists due to the inability of the plate potential to 
attract all of the electrons leaving the emitter. The space charge has a 
negative potential and partially cancels the effectiveness of the plate 
potential in attracting electrons. Under conditions of equilibrium it is 
found that the space charge is continuously returning electrons to the 
emitter as well as receiving them from the emitter so that the total 
space charge remains constant. 

In beam power tubes the space charge effect produces a negative 
gradient of potential at the plate that eliminates the necessity of utiliz- 
ing a suppressor grid to reduce secondary emission from the plate. 
Beam power tubes are constructed so that the wires of the control and 
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screen grids lie in the same plane. This causes the electrons to move in 
concentrated layers. The screen-plate distance is considerably greater 
than in conventional screen grid tubes, and so called “beam forming” 
plates are employed, at cathode potential, to assist producing the desired 
“beam” effect. 


(b) If an electron is in an evacuated space containing a_ positively 
charged material, the electron will be attracted with ever-increasing 
velocity until it strikes the surface of the material. At the point of im- 
pact, the moving electron will impart its kinetic energy to other elec- 
trons and atoms within the material. If the impact is great enough, one 
or more electrons within the material will be dislodged with enough 
energy to be emitted from the surface. The number so emitted will 
depend upon the velocity of the primary electron and upon the type 
and temperature of the material. While secondary emission in an am- 
plifier tube is usually detrimental, such is not always the case. For ex- 
ample, the dynatron oscillator relies upon one effect of secondary emis- 
sion, called “negative resistance,” for its feedback energy. Some struc- 
tures are built to take advantage of this effect. For instance, in the 
RCA “image orthicon” television camera tube, there is incorporated an 
electron multiplier which deliberately produces secondary emission in 
order to amplify the magnitude of the camera signal. 


Q. 3.54. What is meant by the “amplification factor” (mu) of a triode 
vacuum tube (amplifier)? Under what conditions would the amplifier 
gain approach the value of mu? 


A. (a) The “amplification factor” (mu) of a triode vacuum tube is 
the ratio of a change of plate voltage which produces a given change of 
plate current, to the change in grid voltage which will produce the same 
change of plate current. It represents the theoretical maximum voltage 
gain of an amplifier. 

(b) The amplifier gain will approach the value of mu if the ratio of 
plate load impedance to dynamic-tube plate impedance is high (10 or 
more). 


D. (a) Amplification factor: The actual voltage gain of an amplifier 
tube can never be equal to the amplification factor because the drop 
across the plate impedance of the tube must be subtracted from the 
total available output signal. This amounts to a voltage divider with 
fp) in series with the plate load resistance. The only output voltage 
available is that across the plate load resistance. This means that 
in order for the voltage gain to be equal to the amplification factor, 
the load resistance must be infinitely large. The formula for amplifi- 

Aé,.. 
“lip 
Ae, 

(b) The voltage amplification factor of a tube equals, 1XE,, where 
E, is the input grid signal voltage. Since every tube has an internal im- 
pedance some of the output voltage is “lost” in the tube impedance 


cation factor is yp = 
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and is not available in the plate load. From a practical standpoint the 
load resistance should be relatively high with respect to the internal 
tube impedance (in triodes) if maximum gain is to be achieved. The 
mid-frequency gain may be calculated from the formula, Gmia = &m 
X Reg, where gy», is the tube transconductance, and R,, is the re- 
sultant parallel impedance of the internal tube impedance, the plate 
load resistance and the grid resistance of the following stage. This ap- 
plies only to an RC coupled amplifier. 


Q. 3.55. What is meant by “plate resistance” of a vacuum tube? 
Upon what does its value depend? 


A. (a) The “plate resistance” of a vacuum tube is the ratio of a small 
change of plate current to the change of plate voltage producing that 
current. The grid voltage is a constant. 

(b) The value of “plate resistance” is an indication of the effectiveness 
of the plate voltage in causing a change in the plate current. The plate 
resistance of triodes is much less than that of tetrodes or pentodes because 
the action of the screen grid makes the plate current relatively inde- 
pendent of plate voltage changes. When a screen grid is present it takes 
a much larger plate-voltage change to produce a given plate-current 
change. | 


D, Plate Resistance: Plate impedance or plate resistance of a 
vacuum tube is a function of the physical and electrical properties 
of the tube, and is the ratio between a small change of plate 
current to the change in plate voltage producing it, with the grid 
voltage held constant. If normal operating voltages are applied to a tube 
a certain definite value of plate current will flow. If the plate voltage 
is divided by the plate current the result is called the d-c plate re- 


By 
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as in regulated power supplies, a more general term is needed which 
more accurately states the operating characteristics of a tube. This more 
general term is r, or plate impedance. It represents the impedance of- 
fered by the cathode-to-plate path within a tube to a varying voltage. 


sistance. Thus R, =—-. While this value is of some limited use, such 


Aé, : 
Thus 7, Wve |ec| where A means “a small change of 7901s) the 
a) 


plate impedance in ohms, é, and 2, are the instantaneous values of plate 
voltage and current, and e, is the instantaneous value of grid voltage, 
which is here held constant, as indicated by the parallel vertical lines 
enclosing e-. The plate impedance may be considered to be the internal 
resistance of an equivalent a-c generator. 


Q. 3.56. What is meant by the voltage “gain” of a vacuum tube am- 
plifier? How does it achieve this gain? 


92 Radio Operator’s License Q and A 


A. (a) The voltage “gain” is the ratio of the output voltage to the 
input voltage, or 
, E 
Gain = output 
input 
(b) Gain is a measure of the capability of vacuum tubes (except 
diodes) to produce “voltage amplification” of the input grid signal. 


D. (a) Assuming normal plate and grid voltages to be present, the 
gain of a triode audio amplifier is a function of (1) tube transconduct- 
ance, (2) plate load impedance, and (3) transformer step-up ratio (if 
used). While it is true that radical changes in plate supply voltage will 
change the voltage gain to some extent, this factor is of minor impor- 
tance in comparison to those mentioned above. For resistance coupled 
amplifiers the gain is G = gm X Reg, where &m is the transconduc- 
tance, and Reg is the internal plate impedance, the plate load imped- 
ance and the grid resistance of the following stage taken in parallel. 
This formula only holds for mid-range frequencies, that is the flat por- 
tion of the frequency characteristic of the amplifier. For transformer 
coupled amplifiers, the gain with a triode and well-designed transfor- 
mer is G = » X N, where N is the turns ratio. Pentodes are not gen- 
erally used with transformers, the usual exception being the output 
audio power amplifier. However, there is no question here of voltage 
gain. The only consideration is one of impedance matching for max- 
imum power transfer. 


“(b) See Q. 3.46, Discussion (a)(b). 


Q. 3.57. Draw a rough graph of plate current versus plate supply 
voltage for three different bias voltages on a typical triode vacuum tube. 

(a) Explain, in a general way, how the value of the plate load resis- 
tance affects the portion of the curve over which the tube is operating. 
How is this related to distortion? 

(b) Operation over which portion of the curve produces the least 
distortion? 


A. (a) As shown in Fig. 3.57, the higher the value of plate-load 
resistance, the lower the position of the load line on the graph. The load 
line is plotted from the maximum plate current point (E,/Rz,) to the 
plate voltage point (E,). When a grid signal is applied the tube operates 
along the load line. Thus, the value of load resistance determines the 
operating portion of the curves. 

As indicated in Figure 3.57, load lines have been drawn in for 
30,000 and 300,000 ohm plate-load resistors. Note that the 30,000 ohm 
load line passes through the grid-bias lines in an area where these are 
most linear and most evenly spaced. This of course is not true for the 
300,000 ohm load line. Changes in grid voltages (input signal) produce 
corresponding changes in plate currents (output currents) and conse- 
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Fig. 3.57. Graph of plate current versus plate supply 
voltage for a typical triode. 


quently in plate voltages (output voltages). The least amount of output 
wave distortion (versus input) will occur when the operation occurs be- 
tween grid bias lines which are the most evenly spaced and most linear. 
Therefore, in this example (for least distortion), the 30,000 ohm load 
would be preferred. 

(b) See (a) above. 


Q. 3.58. A triode, “grounded cathode” audio amplifier has a mu 
(amplification factor) of 30, a plate impedance of 5,000 ohms, load 
impedance of 10,000 ohms, plate voltage of 300 volts, plate current 
of 10 mA, and cathode-resistor bias is used. 

(a) What is the stage gain of this amplifier? 

(b) What is the cut-off-bias voltage, E,,? 

(c) Assuming the bias voltage is one-half the value of E,,, what 
value cathode resistor would be used to produce the required bias? 

(d) What size capacitor should be used to sufficiently by-pass the 
cathode resistor if the lowest approximate frequency desired is 500 
hertz? 


A. (a) The stage gain = 20. 

(b) The cut-off bias = —10 volts. 

(c) The cathode resistor = 500 ohms. 

(d) The cathode by-pass capacitor = 6.4 microfarads. 


D. (a) Step 1: Find the stage gain of the amplifier, 


wx Rp 


A = where 

A = gain of the stage. 

a = amplification factor (mu). 
Ry, = load impedance, in ohms. 
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R, = plate impedance of tube in ohms. 


_ 30% 10,000 300,000 _ 
10,000 + 5,000 =: 15,000 


(b) Step 2: Find the cut-off bias (Eco) 


20 


| By where 
m 


F.uo = grid cut-off bias, in volts. 
E, = plate (supply) voltage, in volts. 


#@ = amplification factor (mu) 
300 
Ee = = — 
30 10 volts 


(c) Step 3: Find the cathode resistor value for one-half of E,., or 
—5 volts 


E 
Rx = — where 
I, 
Rx = cathode resistor, in ohms. 
Ex = cathode bias, in volts. 
I, = plate current in amperes. 


) 
R = é 
Kat 500 ohms 


(d) Step 4: Find the value of cathode by-pass capacitor. 

(1) To be effective, the capacitor should have a reactance at least one- 
tenth or less of the value of the cathode resistor (or in this case, XC, — 
100 ohms) at the lowest frequency (or 500 hertz). 


1 
(2) XC, = Qa fC a or 
1 0.15 0.1 
Cx, = ae Been ae. = 6.4 microfarads. 


2nfXCx 500 X 50 ~ 25,000 


Q. 3.59. Why is the efficiency of an amplifier operated class C higher 
than one operated class A or class B? 


A. In class C amplifiers the plate current is permitted to flow only 
during the time that the instantaneous value of plate voltage is at or 
near its minimum value. At all other times the tube js non-conducting. 
This permits a relatively small loss on the plate and high plate efficiency. 


D. The outstanding characteristics of a class C amplifier are: 
1. High plate circuit efficiency, up to 85°. 
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2. Large grid driving power. 

3. Plate current exists for less than 180° of the grid excitation cycle, 
usually for approximately 120°. 

4. Grid bias on the average is about twice cut-off value. 

5. Large power output in comparison to class A. 

6. Great distortion of plate current waveshape. 


However, in order that the above conditions be met, a large value of 
bias must be used, in some cases equal to 4 times cut-off value, but usu- 
ally about twice cut-off value. Since grid current must flow at some time 
in each cycle, a relatively large value of grid driving power must be avail- 
able from a low impedance source. Appreciable r-f power is consumed in 
the grid circuit. Although the plate current wave is a pulse rich in har- 
monics, the plate voltage waveshape will be sinusoidal, since the plate 
load will in most cases be a tank circuit with a reasonably high Q. An 
interesting feature is that the maximum positive value of grid voltage 
(€¢ max) iS approximately equal to the minimum value of the plate volt- 


age (€p' min): 


Q. 3.60. The following are excerpts from a tube manual rating of a 
beam pentode. Explain the significance of each item: 


(a) Control grid-to-plate capacitance 1.1 pF 
(b) Input capacitance 2.2 pF 
(c) Output capacitance 8.5 pF 
(d) Heater voltage 6.3 volts 
(e) Maximum dc plate-supply voltage 700 volts 
(f) Maximum peak positive pulse voltage 7,000 volts 
(g) Maximum negative pulse plate voltage 1,500 volts 
(h) Maximum screen grid voltage 175 volts 
(i) Maximum peak negative control grid voltage 200 volts 
(j) Maximum plate dissipation 20 watts 
(k) Maximum screen-grid dissipation 30 watts 
(1) Maximum dc cathode current 200 mA 
(m) Maximum peak cathode current 700 mA 
(n) Maximum control-grid circuit resistance 0.47 megohm 


A. Examination of an RCA tube manual shows these ratings to be 
almost identical for type 6CD6-GA television, horizontal-output tube. 
However, in two instances, the decimal points appear to have been mis- 
placed. Input capacitance should read 22 pF, instead of 2.2 pF. Also 
maximum screen dissipation should read 3.0 watts, not 30 watts. The 
following is the significance of each listed item: 

(a) Control grid-to-plate capacitance: The measured capacity from 
the control grid to the plate, with other grids connected to the cathode. 
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(b) Input capacitance: The sum of control grid-to-cathode, control 
grid-to-screen grid and control grid-to-suppressor grid (or beam plates) 
capacitances. 

(c) Output capacitance: The sum of plate-to-cathode, plate-to-screen 
grid and plate-to-suppressor grid (or beam plates) capacitances. 

(d) Heater voltage: The nominal cathode heater voltage. It may vary 
= 10 percent. ; 

(e) Maximum d-c plate-supply voltage: The maximum steady-state, 
power-supply voltage permitted to be applied to the plate to restrict the 
plate dissipation to a safe value. 

(f) Maximum positive pulse voltage: In the TV circuit, this occurs 
during the horizontal flyback time (about 10 us) when the high voltage 
builds up. This (7000 V) is the maximum safe value to prevent in- 
ternal tube arcing. ; . 

(g) Maximum negative pulse voltage: In the TV circuit, this occurs 
during the horizontal trace (about 53 ys) and is limited for the same 
reason as in (f) above. 

(h) Maximum screen-grid voltage (d-c): The maximum steady-state, 
d-c supply voltage permitted to be applied to the screen grid. The screen 
voltage largely determines plate current (and plate dissipation) as well 
as screen-grid current and dissipation. 

(i) Maximum peak negative control-grid voltage: The maximum 
safe value to prevent control grid-to-cathode arcing. 

(j) Maximum plate dissipation: The maximum safe wattage the 
plate can dissipate continuously, without causing tube damage (or short 
life). 

(k) Maximum screen-grid dissipation: Same as (j) above, but for 
screen grid. ) 
(1) Maximum d-c cathode current: The maximum continuous cur- 
rent which the cathode can supply without serious deterioration of the 
oxide coating of the cathode. The d—c (average) current must be limited 

to this value. 

(m) Maximum peak-cathode current: Within the pulse-width limi- 
tations of the TV receiver operation, this is the maximum pulse current 
the cathode can supply without serious deterioration. 

(n) Maximum control-grid circuit resistance: The maximum value of 
grid to ground resistance. Higher values may result in an excess positive 
grid voltage caused by positive ion-grid current, which would cancel 
out the bias and might damage or destroy the tube. 


Q. 3.61. Name at least three abnormal conditions which would 
tend to shorten the life of a vacuum tube; also name one or more 
probable causes of each condition. 
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A. 1. (a) Excessive heater voltage. 

(b) Excessive plate current. 

(c) Inadequate cooling. 

(d) Excessive screen-grid current. 

(e) Exceeding maximum pulse-current ratings. 

2. The causes listed below are keyed to the same letters in 1, above. 

(a) Line voltage too high; shorted series-dropping resistor; filament 
transformer voltage too high. 

(b) Bias too low; plate voltage too high; screen grid voltage too high. 

(c) Tube shield left off; cooling fan or other cooling scheme not 
operating. 

(d) Bias too low; screen-grid voltage too high. 

(e) Pulse-duty cycle too high. In some cases, especially where high 
voltages are involved, too low a heater voltage may cause cathode dam- 
age. In this case, particles of the cathode-oxide coating may be stripped 
off by the electrostatic field in the tube. 


Q. 3.62. Name at least three circuit factors (not including tube types 
and component values) in a one-stage amplifier circuit, that should be 
considered at VHF which would not be of particular concern at VLF. 


A. The following should be especially considered at VHF: 

1. The possibility of circuit oscillation or regeneration due to stray 
capacitive feedback. 

2. The use of low-loss components, such as coil forms, tube sockets, 
ferrite cores. : 

3. The use of non-inductive and low-loss by-pass and coupling ca- 
pacitors, such as ceramic and mica types. 

4, Neutralization may be required in some circuits. 

5. Use of grounded-grid type of amplifier to reduce feedback prob- 
lems. | 

6. Signal lead lengths must be short, to reduce lead inductance. 


D. An additional circuit factor of concern at VHF and above is the 
manner in which the circuit is grounded. Very short and direct ground 
leads having negligible inductance must be used. In some cases, all 
grounds are returned to a common point on the chassis. This is done to 
avoid chassis ground currents which might result in amplifier instability. 
In multi-stage amplifiers, it may be necessary to run all grid, cathode 
and filament grounds to one part of the chassis and screen grid and plate 
ground to another part of the chassis. This helps to prevent feedback 
currents in the chassis from causing oscillation or instability of the am- 


plifier. 
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In general, an amplifier for use at these high frequencies should be 
built in a very compact manner to minimize lead lengths and thereby 
assure minimum lead inductance. In addition, the effect of stray capaci- 
tance may be appreciable at the very high frequencies involved and these 
too must be kept to a minimum. Stray capacitance is developed between 
wires, parts and ground, as well as between parts and between wires and 
parts. In a multi-stage'‘amplifier, it is often necessary to shield tubes and 
r-f transformers to prevent regeneration or oscillation, due to coupling 
between these units. 


Q. 3.63. What is a “lighthouse” triode? An “acorn” tube? These 
tubes were designed for operation in what frequency range? 


A. (1) A “lighthouse” triode (or disk-seal tube) is a tube designed 
especially to operate at UHF and is shown in Fig. 3.63(a). The plate, 
grid and cathode are assembled in parallel planes instead of coaxially, 
Extremely close electrode spacing reduces electron transit time. In addj- 
tion, the electrodes are connected to parallel discs, practically eliminating 
tube lead inductance. The use of small internal elements results in very 
low interelectrode capacities, These tubes will amplify up to about 2500 
megahertz. 
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Fig. 3.63(a). Cross-section of a “lighthouse” triode tube. 


(2) Acorn tubes are seldom used in modern electronic equipment. 
They will amplify up to about 600 megahertz. Acorn tubes are very 
small (about half the size of a golf ball) and have no base. Electrode 
connections are brought out to short wire pins which are sealed in a glass 
rim around the lower portion of the tube. An “acorn” tube is illustrated 


in Fig. 3.63(b). 


D. “Lighthouse” tubes are also known as “disc-seal” and “planar- 
disc” tubes. The name “lighthouse” is derived from the appearance of 
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Fig. 3.63(b). A pentode-type of acorn tube. (Courtesy RCA) 


the basic tube although a variety of the tubes have been made and may 
differ widely in appearance. The very close spacing of electrodes is exem- 
plified by one type of lighthouse tube in which the grid and cathode are 
separated by only 0.004 inch. Because of the close electrode spacing, very 
low values of transit time are achieved. If the cathode-plate transit time 
is greater than one-tenth of a cycle at the operating frequency, the tube 
efficiency begins to drop. Efficiency decreases as the percentage of transit 
time to cycle increases. For a tube operating at 2500 megahertz, the time 
for one cycle is 4X 10-4 microsecond and the maximum allowable 
transit time is 4 X 10-5 microsecond (see Q 3.64 following). 

As the transit time becomes greater than one-tenth of a cycle, the plate 
current lags the plate voltage by greater than 36 degrees. This results in 
an important decrease of power output and consequent increase of tube- 
plate dissipation. The condition becomes worse with increasing values of 
transit time. In the case of oscillators, it is usually found that oscillation 
ceases as the transit time approaches a quarter of a cycle (90 degrees). 

The physical configuration of a lighthouse tube is ideally suited for 
insertion into resonant coaxial-line tuners. The tuner may consist otf 
coaxial line, cathode-grid, and plate-grid cavities. The assembly of a 
“lighthouse” tube in its coaxial tuner is shown in Fig. 3.63(c). Note in 
the figure, that the assembly comprises three concentric cylinders fitted 
to the end of the tube. Tuning of the cavity is accomplished by a cathode- 
grid shorting plunger and by a plate tuning rod which slides the plate 
cylinder over the plate terminal of the tube. Because of the high oper- 
ating frequency (about 2500-3000 MHz) mechanical problems dictate 
the use of tuning lines which are multiples of a quarter wavelength. As 
shown, the cathode line is about 34 wavelength and the plate line about 
one full wavelength. (See also Q 3.62 above and Q 3.64 following.) 
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Fig. 3.63(c). Sketch of a lighthouse tube (left) mounted 
in its coaxial tuner (see discussion). 


Q. 3.64. Why are special tubes sometimes required at UHF and 
above? 


A. Special tubes or tube types are usually required at UHF or higher 
frequencies. At frequencies above about 100 megahertz, the interelec- 
trode capacitances of ordinary tubes will attenuate the signals greatly. 
In addition, the ordinary cathode-to-plate, electron-transit time of one- 
thousandth of a microsecond becomes excessive. At UHF this time ap- 
proaches or may equal the time of one cycle of the operating frequency, 
causing undesirable phase shifts within the tube. In addition, the rela- 
tively large lead inductarice of ordinary tubes limits their operating fre- 
quency. 


D. Desirable characteristics of UHF tubes are: 

1. Closely spaced electrodes. 

2. Small elements. 

3. Low-inductance leads. 

4. No tube base. 

In special VHF and UHF tubes, such as “traveling-wave” tubes, klys- 
trons and magnetrons, the transit time of electrons is utilized to provide 
proper operation. For a description of these tubes, see Q. 3.246, Q. 3.247 
and Q. 3.248 following. See also Q. 3.63 above. 


Q. 3.65. Draw a diagram of each of the following power supply cir- 
cuits. Explain the operation of each, including the relative input and 
output voltage amplitudes, waveshapes, and current waveforms. 


(a) Vacuum-tube diode, half-wave rectifier with a capacitive-input 
“pi-section” filter. 

(b) Vacuum-tube diode, full-wave rectifier with choke input (RC) 
filter. 
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(c) Silicon diode, doubler-circuit rectifier with a resistive load. 

(d) Non-synchronous-vibrator power supply, with silicon diode, 
bridge-circuit rectifier and capacitive input “pi-section” filter. 

(e) Synchronous-vibrator power supply with capacitive input “pi-sec- 
tion” filter. 


A. (a) See Fig. 3.65(al). The following description applies to a 
half-wave rectifier system as illustrated. The first problem to be 
unidirectional (d-c) current. A rectifier tube is essentially a one-way 
considered is that of rectification, or changing alternating current into 
path for electronic flow since its reverse (or inverse) current conduc- 
tion is almost zero. The rectifier tube conducts only when its plate 
is positive with respect to cathode, and is a non-conductor when the 
plate is negative with respect to cathode. When an alternating voltage 
is applied to such a rectifier tube, its output consists of a series of cur- 
rent pulses, which are uni-directional in character. See Fig. 3.65(a2) 
for waveshapes of operation. Due to the action of the filter, these pulses 
are considerably less than 4 cycle in width and are separated by spaces 
more than 4 cycle in width, The output of a rectifier tube must be fil- 
tered to a large degree in order to eliminate the fundamental and har- 
monic frequency components from the rectifier-filter system output. The 
usual method for accomplishing this is to insert a suitable LC low-pass 
filter in series with the rectifier output whose cut-off frequency is well 
below the line frequency. The type shown in the figure is a capacitor- 
input “pi”-type filter. The input capacitor of the filter charges up prac- 
tically to the peak value of each positive alternation applied to the plate 
of the rectifier tube. The rectifier tube stops delivering current to the 
filter until the next positive alternation exceeds the potential of the input 
capacitor. During this interval of time, the power is supplied by the input 
capacitor, whose voltage drops in a linear manner due to the constant- 
current action of the filter choke. The output capacitor of the filter must 
be large enough to offer very little reactance at the lowest frequencies to 
be amplified, so as to reduce the possibilities of feedback through the me- 
dium of the common power supply impedance, and also to supply peak 
demands from the load. 


Fig. 3.65(a1). Half-wave rectifier, with “pi-section” filter. 
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In a half-wave rectifier, the ripple frequency is equal to the line fre- 
quency, i.e., a line frequency of 60 hertz will produce a ripple frequency 
of 60 hertz. A half-wave rectifier is the simplest and least expensive 
type. However, it is more difficult to filter and ordinarily has poorer 
regulation than a full-wave type. The d-c output voltage of this supply 
_ depends upon the extent of current taken from it. If the loading is light, 
- the d-c voltage may equal the peak value (not peak-to-peak) of the sec- 
ondary voltage. As the loading increases, the d-c voltage output drops 
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Fig. 3.65(42). Current and voltage waveforms for a half- 
wave rectifier with capacitor-input filter. 


and the ripple voltage increases. If the supply is heavily loaded, the d-c 
voltage may drop to 0.9 or less of the rms value of the secondary voltage. 


(b) For diagram, see Fig. 3.65(b1). This arrangement may be used 
where the highest voltage taken from the power supply is at a high cur- 
rent drain and fed to a stage which is insensitive to a fairly high ripple 
voltage. Such a stage would be the power output stage of an audio am- 
plifier. Stages of higher gain and low-current requirements require a 
lower ripple voltage and this may be supplied by an additional RC filter, 
as shown. A typical stage meeting these requirements is an audio pre- 
amplifier. (See Q. 4.24.) 

The waveforms for the full-wave rectifier are shown in Fig. 3.65(b2). 
Referring to the schematic (Fig. 3.65(bl)) it may be seen that the high- 
voltage secondary is centertapped, the centertap becoming the negative 
side of the d-c output voltage. Note that the zotal secondary voltage must 
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be twice that required for a half-wave rectifier, because of the centertap. 
(See part (d) of this question for comparison to bridge-type rectifier.) 
However, the tubes conduct alternately for each half of every cycle and 
the output voltage (ripple frequency) is applied to the filter at twice the 
line frequency. The ripple frequency for a 60 hertz line will be 120 
hertz. The higher ripple frequency permits a less expensive filter to be 
employed than in the case of a half-wave rectifier having the same ripple 
voltage requirements. The full-wave rectifier will also have improved 
regulation over the half-wave type. For comparative characteristics of 
choke and capacitor input filters, see Q. 3.69. 

(c) See Fig. 3.65(c). 

CascapE Douster, Ficure-Group A. During the first negative half 
cycle, capacitor C, charges through diode D1 to approximately the peak 
value, E, of the transformer secondary voltage (Figure A’). As soon as 
the negative peak has gone by and the wave starts in the positive direc- 
tion, capacitor C, begins to charge C2 through D2 (Figure A”). When 
the wave reaches its positive peak, the voltage across the transformer 
secondary in series with the voltage across C, (totaling 2E) charges Cy, 
to approximately double the peak secondary voltage. This doubler is a 
half-wave device. 

ConveNTIONAL Dovster, Ficure-Group B. For simplicity of explana- 
tion it is assumed that the circuit has been in operation for some time 
and that we are considering a positive-going half cycle (Figure B’). Ce 
has been previously charged through D2 and the transformer secondary 
to approximately the peak value of secondary voltage. As soon as the 
transformer voltage starts in the positive direction, C2 begins to discharge 
through D1 into the load and filter. When the transformer reaches its 
maximum positive value, it adds its voltage to that of C2 and charges the 
filter capacitor (not shown) to approximately double the peak secondary 
voltage. During this same positive-going half cycle, capacitor C; is being 
recharged to the peak secondary voltage through D1 and the transformer 
secondary. | 
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Fig. 3.65(b1). Full-wave rectifier with choke-input RC futer. 
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Fig. 3.65 (62). Current and voltage waveforms for a full- 
wave rectifier with choke-input filter. 


As soon as the wave starts in the negative direction (Figure B’”), 
capacitor C, begins discharging through D2 into the load (and filter, 
not shown); when the transformer reaches its maximum negative value, 
its voltage is added in series to that of C, charging the filter capacitor 
(not shown) to approximately double the peak secondary voltage. Dur- 
ing this same negative-going half cycle, Cz is being recharged to the peak 
secondary voltage through D2 and the transformer secondary. This com- 
pletes one cycle of full-wave operation. 

(d) Note: Although there are many vibrator power supplies in present 
use, it should be realized that this type of supply is rapidly being re- 
placed by transistor power supplies which have no moving parts and 
are far more reliable. Refer to Fig. 3.65(d). When power is applied to 
the vibrator coil and transformer primary, the armature is pulled to the 
left. This shorts out the vibrator coil and the armature springs to the 
right and touches the right-hand contact, after which the magnetic field 
of the coil and the spring action cause it to touch the left-hand contact. 
This action becomes cyclical at about 150 to 250 Hz. Note that the 
armature action causes current to flow first in the top half of the primary 
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Fig. 3.65(d). Non-synchronous vibrator with bridge 
rectifier and pi-section filter. 


and then in the bottom half, but in opposite directions. This constitutes 
an alternating current in the primary which is stepped up in the sec- 
ondary winding to the desired value. The bridge rectifier shown is a 
full-wave rectifier and operates as follows: 

(1) When the top of the secondary is positive and the bottom nega- 
tive, electron flow is through the secondary from top to bottom, through 
D4 to B-, through the load and L, through D2 and back to the top of 
the transformer. 

(2) When the polarities are reversed, electron flow is through D3, 
up through the secondary, through D1 to B-, through the load and L 
and back to D3. For filter operation, see part (a) of this question. 

(e) See Fig. 3.65(e). The usual synchronous rectifier is the syn- 
chronous vibrator, consisting of a “U” frame designed to permit the 
mounting of a coil with pole piece at the closed end. A vibrating reed 
and insulated side springs with contacts are mounted at the Opposite 
end. The reed carries contacts mounted on either side in pairs, corres- 
ponding to the stationary side spring contacts. The vibrating reed is 
usually so connected as to keep it at ground potential. The “driver” 
coil is a high resistance winding which is placed in series with one-half 
of the centertapped primary of the transformer and the battery. Both 
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Fig. 3.65(e). Schematic diagram of a synchronous vibrator 
power supply, using capacitor-input filter. 
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primary and secondary windings of the transformer are centertapped. 
The centertap of the primary is connected to the “hot” side of the d-c 
input line, while the centertap of the secondary is the take-off point for 
the positive high-voltage rectified d.c. The operation is as follows: All 
contact pairs are open normally and the starting of the reed movement 
depends upon the magnetic attraction of the “driver” coil. This move- 
ment is sufficient to cause the reed to make good electrical connection 
with a side spring contact which is connected to the same side of the 
transformer as the driver coil. This shorts the driver coil, destroys the 
magnetic field and releases the reed which now swings in the opposite 
direction beyond its original resting position. The reed now contacts the 
opposite side spring connections, and the driver-coil field pulls it back. 
In this manner the reed sets up vibrations, usually designed to be 135 
hertz. As the reed moves, the secondary side spring contacts alternately 
reverse the primary and secondary transformer connections so that the 
output is a uni-directional current (d.c.). For filter operation, see part 
(a) of this question. 


Q. 3.66. What advantage may a bridge rectifier circuit have over a 
conventional full-wave rectifier? 


A. See Q. 3.65(d), above for diagram of bridge rectifier and (b) of 
that question for diagram of a full-wave rectifier. The advantages are 
as follows: 

(a) A bridge circuit produces almost double the output voltage, using 
the same transformer. (Centertap of secondary is not used.) 

(b) For the same output voltage, the inverse-peak voltage is only one- 
half as much across each tube in a bridge rectifier (4 tubes), compared 
to a conventional full-wave rectifier (2 tubes). 


D. The same advantage is true when solid-state rectifiers are used 
for both (a) and (b) above. Solid-state rectifiers are preferred for bridge 
circuits for the elimination of the three filament transformers which 
would be required for vacuum tubes and for their greater reliability and 
lower internal drop. 


Q. 3.67. What are “swinging chokes”? Where are they normally 
used? 


A. (a) “Swinging chokes” are power-supply filter chokes, whose in- 
ductance varies inversely with the load current in the choke. | 

(b) They are used to improve the voltage regulation of a power sup- 
ply which is operating under conditions of varying loads. 


D. A swinging choke is one whose inductance varies inversely with 
the amount of d-c current flowing through it. The main reason for using 
a swinging choke is economy, as compared with the use of a conven- 
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tional or smoothing choke. Where a varying load is present, less filtering 
is required at heavy loads. As the load decreases, it is necessary to have 
an increasing value of inductance if the choke is to continue to filter 
properly, otherwise the output voltage will rise sharply at low current 
values. A swinging choke may be chosen to fulfill these requirements 
much more economically than a smoothing choke which would have to 
be designed to present a constant maximum inductance under all load 
conditions. This would mean a large, expensive choke. A swinging choke 
must be the one nearest the rectifier tube, and is generally followed by 
a smoothing choke in order to satisfy filtering conditions. A system 
like this is still considerably more economical than if two smoothing 
chokes had to be used. The inductance is made to vary by having a 


very small gap, such as the thickness of a piece of fish paper, inserted 
in the iron core. 


Q. 3.68. Show a method of obtaining two voltages from one power 
supply. 
A. See Fig. 3.68(a). 


B+INPUT HIGH Bt 


LOW B+ 


Fig. 3.68(a). A simple divider method for obtaining two voltages 
from one power supply. 


D. The following example illustrates the method of determining the 
voltage divider resistance. 

A rectifier-filter power supply is designed to furnish 500 volts at 60 
milliamperes to one circuit and 400 volts at 40 milliamperes to another 
circuit. The bleeder current in the voltage divider is to be 15 milliam- 
peres. What value of resistance should be placed between the 500- and 
400-volt taps of the voltage divider? 


I5 mA 


Fig. 3.68(b). A rectifier-filter system which can supply 500 
volts at 60 milliamperes and 400 volts at 40 milliamperes to 
another circuit. 
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Refer to Fig. 3.68(b). It will be seen that two currents are present in 
the 400- to 500-volt section. These are the bleeder current of 15 mA 
plus the 400-volt load current of 40 mA or a total of 55 milliamperes. 
The value of resistance is found by Ohm’s Law. 

E 100 
| fn Tee 0055 
The value of resistance should be 1818.2 ohms. 

The power rating is found as follows: EX 1 =5.5 watts actual dis- 

sipation. Use a 10-watt resistor as a safety factor. 


— 1818.2 ohms. 


Q. 3.69. What are the characteristics of a capacitor-input filter sys- 
tem as compared to a choke-input system? What is the effect upon a filter 
choke of a large value of direct current flow? 


A. (a) The primary comparative characteristics of a capacitor-input 
filter are: 

(1) Higher d-c output voltage. (About 1.4 times rms value of sec- 
ondary voltage under light loads.) 

(2) Poorer voltage regulation. 

(3) Higher peak surge currents. 

(4) Not suitable for use with mercury vapor tubes. 

(b) The effect depends upon the original design of the choke. If it 
was designed to carry a large value of direct current, there would be 
no adverse effects. However, if the normal rating of the choke was 
being exceeded, d-c core saturation would occur, the value of inductance 
would be reduced, and the choke might overheat. 


D. The characteristics of a choke-input filter as compared with a ca- 
pacitor-input filter, are: 

(1) Lower output voltage, about 90°% of rms secondary voltage. 

(2) Better voltage regulation. 

(3) Lower peak current surges. 

(4) More efficient utilization of tubes and transformers. 

When a capacitor-input filter is used, the capacitor charges to 
1.414 times the rms value of the secondary voltage of the power trans- 
former. Neglecting any drop in the d-c resistance of the choke, this will 
be the output d-c voltage with a light load. If the load increases, how- 
ever, this voltage may drop to 0.9 of the rms secondary value or less. The ~ 
choke input filter starts with a d-c voltage of 0.9 rms secondary voltage 
and will vary very much less, thus affording better regulation. See 
Question 3.65. If the rectifier has mercury-vapor tubes, a choke-input 
filter must be used, as otherwise the initial current may be high enough 
to damage the tube. At the first starting cycle of the rectifying voltage, 
the input capacitor has no charge. This means that it is practically a 
short circuit for the initial current until it becomes charged. Thus there 
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is nothing to limit the initial current except the impedance of the tube 
which is very low and the impedance of the high voltage secondary 
winding which is also very low. This means that the initial current 
value will be extremely high and may damage the tube. 

Where the input capacitor is removed and a choke-input filter is 
used, the initial current will be very much lower. This is because, when 
the initial charging current flows, it must flow through the inductance 
of the choke oil. The sudden surge of current develops a high reactive 
drop across the choke coil which opposes the original secondary voltage 
and thus limits the current in the system to a safe value. Sometimes, in 
low current systems, a current limiting resistor may be used in series with 
the rectifier tube. This, however, has an adverse effect on the regulation. 


Q. 3.70. What is the purpose of a “bleeder” resistor as used in con- 
junction with power supplies? 


A. The primary purpose of a “bleeder” resistor in conventional 
power supplies is to improve the regulation of the voltage output. 


D. A bleeder resistor is connected directly across the load terminals. 
It is usually designed to draw at least 10°/ of the total current. In this 
way the bleeder acts as a minimum load on the power supply when the 
normal load is removed. Since the output voltage of a rectifier tends to 
rise when the load is removed, the bleeder draws a constant current and 
prevents the voltage from rising as much as it would if no bleeder were 
present. The bleeder also serves the important function of discharging 
the filter capacitors when the power is turned off. 


Q. 3.71. Would varying the value of the bleeder resistor in a power 
supply have any effect on the ripple voltage? 


A. Varying the value of the bleeder resistor might affect the ripple 
voltage output of a power supply. 


D. If a bleeder resistor of too low a value were employed, then the 
bleeder current plus the load current might exceed the normal current 
rating of the power supply. This would decrease the output voltage and 
increase the ripple voltage. The d-c current rating of the filter choke(s) 
might also be exceeded, reducing the choke inductance and increasing 
the ripple voltage. 


Q. 3.72. What effect does the amount of current required by the load 
have upon the voltage regulation of the power supply? Why is voltage 
regulation an important factor? 


A. (a) The greater the amount of current required by the load, the 
poorer the regulation will tend to be. (Of course a supply can be de- 
signed to miaintain the required regulation for any practical load). 

(b) Regulation is important to maintain virtually constant output 
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supply voltages under varying loads. This prevents inter-modulation of 
circuits due to power-supply voltage variations as well as possibly in- 
sufficient or excessive supply voltages. 


D. “Voltage regulation” expresses the ratio between the amount of 
voltage drop under full load conditions from the no-load value, to the 
full load voltage. This ratio is multiplied by 100 to express it as a per- 
centage. Poor regulation may be caused by: 


1. High resistance filter chokes. 

2. Insufficient filter capacity. 

3. Saturation of iron core of filter chokes. 

4. No bleeder resistor. 

5. Varying drop in rectifier tube with changing load (high-vacuum 
type). 

Regulation is usually expressed as a percentage according to the 


Eyz ae Err 


formula: Reg. = < 100, where Ey;, is the no-load voltage, 


FL 
and Ep, is the full-load voltage. 


Q. 3.73. What is meant by the “peak-inverse-voltage” rating of a 
diode and how can it be computed for a full-wave power supply? 


A. (a) “Peak-inverse-voltage” rating of a rectifier tube is the maxi- 
mum safe peak voltage which can be applied in the reverse direction 
without causing “arc back” or “flash back.” 

(b) In a capacitor input full-wave rectifier power supply, the peak- 
inverse-voltage across the non-conducting tube equals the peak-to-peak 
a-c voltage of one-half the secondary winding, or the rms value of the 
entire secondary winding times 1.414, less the drop in the conducting 
tube and the d-c drop in the half of the transformer which 1s 
conducting. 


D. Ina half-wave rectifier system the peak-inverse-voltage is simply 
equal to the rms secondary voltage times 1.414. 


Q. 3.74. Discuss the relative merits and limitations as used in power 
supplies of the following types of rectifiers: 

(a) Mercury-vapor diode. 

(b) High-vacuum diode. 

(c) Copper oxide. 

(d) Silicon. 


(e) Selenium. 


A. (a) Advantages of mercury-vapor rectifier tubes are: 
1. A low internal voltage drop of 10 to 15 volts, which remains 
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constant under varying load conditions, thus making for good voltage 
regulation. 

2. Permits the use of oxide coated cathodes, with their lower fila- 
ment power requirements. 

3. Cooler operation due to the low internal drop. 

4. Greater efficiency and economy in high-voltage, high-current 
operation. 


Disadvantages of mercury-vapor rectifier tubes are: 

1. Produces radio frequency interference due to ionization of mer- 
cury or gas. 

2. Relatively low peak-inverse-voltage rating. 

3. Filament may be damaged if not pre-heated before plate voltage 
is applied. 


(b) Advantages of high-vacuum rectifier tubes are: 

1. Higher peak-inverse-voltage rating for a given size of tube. 
2. Will stand more abuse without breakdown. 

3. Does not generate r-f interference (hash). 


Disadvantages of high-vacuum rectifier tubes are: 

1. Voltage drop across the tube varies with load current changes 
making for poorer voltage regulation. 

2. Higher filament power requirements. 

3. Tube runs hotter due to larger voltage drop. 

(c) Copper-oxide rectifiers: The merit of this type is that they can 
(for a given size) supply a relatively large direct current. Limitations of 
this type are: (1) there is a large shunt capacitance, and (2) its charac- 
teristics vary widely with temperature. 

Note: These rectifiers are rapidly being replaced in many uses by 
germanium and silicon diodes. 

(d) Silicon rectifiers: The merits of this type are: 

(1) Compact size. 

(2) High-current ratings (up to several amperes for larger units). 

The major limitation is the relatively low peak-inverse-voltage rating 
of a junction. By stacking units in series, peak inverse ratings up: to 
several thousand volts can be achieved. 

(e) Selenium rectifiers: The merits of this type are: 

(1) Higher junction break-down voltage than copper oxide. 

(2) Lower forward resistance than copper oxide and, therefore, 
greater current-carrying capacity. 

(3) Can be used for high-voltage applications by stacking units in 
series. 

(4) Compact in size (for its type). 
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(5) Low voltage drop across rectifier (about 5 volts). Some limitations 
of selenium rectifiers are: 

(1) Require appreciable space and special mounting facilities. 

(2) Must be mounted to obtain adequate cooling. 

(3) Appreciably larger size than silicon rectifiers, where they are in- 
terchangeable for the same function. 

(4) High-shunt capacity, limiting use to power and audio frequencies. 


D. (a) It is important to operate a mercury-vapor tube within speci- 
fied temperature limits in order to realize maximum tube life and eff- 
ciency. Mercury-vapor tubes are built with an excess of liquid mercury 
to maintain a saturated condition of the vapor. The temperature of 
this vapor determines the pressure in the tube. If the pressure (or tem- 
perature) is too low, ionization is incomplete and the space charge is 
not sufficiently neutralized. Under these conditions the tube drop be- 
comes excessive. With a high voltage drop, the ion velocities become 
very great, and bombard the cathode with enough energy to damage 
it. The minimum temperature at which the condensed mercury may be 
operated without causing disintegration of the cathode is about 20°C. 
If the operating temperature is excessive, an increase of vapor pressure 
will occur which will decrease the peak inverse voltage and may cause 
“flash-back.” The maximum operating temperature is usually in the 
order of 75°C, 

In a mercury-vapor rectifier tube positive ions are produced which tend 
to neutralize the negative space charge and thus permit higher conduc. 
tion currents to take place. Electrons which are removed from the posi- 
tive ions also add to the plate current. When operating two mercury- 
vapor rectifier tubes in parallel, small resistors must be placed in series 
with each plate lead. 

The operating characteristic curve of a mercury-vapor rectifier 
tube is so steep that any slight difference in the characteristics of two 
tubes would cause a very large difference in the currents taken by each 
tube. The tube with the smaller voltage drop would take almost the 
entire load current. This difficulty can be overcome by connecting a 
small resistor in series with each tube before connecting them in 


parallel. 


(b) For use in circuits operating under 400 volts d.c., the high-vacuum 
type can be designed to have an internal drop which is little, if any, 
greater than the internal drop of a mercury-vapor tube. However, this 
is not true of higher voltage operation in which high-vacuum tubes. have 
a greater voltage drop than the mercury-vapor tube. The peak inverse 
voltage is the maximum safe negative voltage which can be applied to 
the plate of a rectifier tube without danger of arcing from plate to cath- 
ode. This value is always lower, for a given size, in a mercury-vapor 
tube due to the ionization of the mercury, which offers a better conduc- 
tion path than a vacuum. The mercury-vapor tube generates r-f inter- 
ference as a result of ionization, and it must be properly shielded and 
its output filtered. © 
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(c) The most common use of copper oxide rectifiers is their use in 
rectifying a-c voltages of low and medium frequencies so that a-c meas- 
urements can be made with d-c meters. 

(d) Silicon rectifiers are frequently being used to replace vacuum 
tube rectifiers. They require no filament supply or tube socket and have 
a very low voltage drop. It is frequently necessary to protect silicon recti- 
fiers against peak capacitor charging surges by a small series resistor. 
The use of such a resistor has an adverse effect on voltage regulation 
and must therefore be kept to the smallest permissible value. 

(e) Selenium rectifiers have definite advantages over copper oxide 
types (as stated above) and have replaced the latter in many instances. 
However, selenium rectifiers are frequently being replaced by solid-state 
rectifiers, such as the silicon type. 


Q. 3.75. Explain the action of a voltage regulator (VR) tube. 


A. Refer to Fig. 3.75(a) and (b). A VR tube regulates by virtue of 
the fact that a constant (relatively) voltage drop appears across the tube 
as long as the tube current remains within the proper limits (usually 


300V +300V 300V +300V 
x UNREGULATED UNREGULATED 
0-C 
FROM +150V +195V 
POWER REGULATED » “p-¢ REGULATED 
SUPPLY es 
VR-150 VR-105 
POWER 
vs SUPPLY +90V 
2m REGULATED 
VR-90 


(a) (b) 


Fig. 3.75. Applications of cold-cathode electron tubes. 


5 to 30 mA). As shown in the figures, the output voltage supply is taken 
across the tube(s) itself. Variations in either input voltage or output- 
load current cause varying voltages across the series resistor (R;), but 
not across the tube itself. The regulation obtained by this means is poorer 
than when an amplifier-type of regulator is used, but is adequate for 
many non-critical, low current circuits. 

D. A cold-cathode gassy-diode rectifier tube (see Q. 3.46(h)) con- 
sists of a large area cathode (coated with suitable emitting material such 
as barium and strontium), a small diameter rod-shaped pointed anode. 
and a starter anode. These elements are enclosed in an envelope con- 
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taining a gas such as helium, acetylene, argon, or neon. The gas pressure 
is critical for correct operation. Electron emission from the cathode is 
due to two major factors: 

1. If the electrostatic field produced by the starter anode is sufficiently 
great, electrons will be pulled from the cathode coating by force of at- 
traction. 

2. Any gas is always in a state of partial ionization. The existing posi- 
tive ions are accelerated by the cathode to starter-anode voltage so that 
they strike the cathode with sufficient force to aid in the emission of elec- 
trons. The rectifying action of such a tube makes use of the fact that the 
current which ionization causes to exist between two electrodes in a low- 
pressure gas is approximately proportional to the area of the cathode. If 
one electrode has a very large area (cathode) and the other electrode a 
very small area (anode), electrons will flow in the direction from cathode 
to anode. Conduction occurs on that half cycle which makes the anode 
positive with respect to the cathode. 


Q. 3.76. If the plate, or plates of a rectifier tube suddenly became red 
hot, what might be the cause, and how could remedies be effected? 


A. If the plate of a rectifier tube became red hot, it would be due to 
excessive current demand upon the tube. 


D. The filter components should be checked as indicated in Question 
3.77. If these are in good order the current demands of all the supplied 
circuits should be investigated. A screen or plate bypass capacitor might 
be shorted. The coupling capacitor to a high power tube might be 
shorted. In the case of an r-f power amplifier the plate tank might be 
mistuned or overloaded. 


Q. 3.77. Ifa high vacuum type, high voltage rectifier tube suddenly 
became red hot, what might be the cause, and how could remedies be 
effected? 


A. The following should be checked: 

(1) The filter capacitors should be checked for leakage or she . 
circuit. 

(2) If these are good the choke or chokes should be checked for 


possible insulation breakdown. 


(3) The rectifier tube itself should be checked for gas and shorts. 
DaisSee O:;3:76: 


Q. 3.78. What does a blue haze in the space between the filament 
and plate of a high-vacuum rectifier tube indicate? 


A. A blue haze indicates the presence of gas in the tube. 
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D. The blue color is due to the ionization of free gas within the 
tube and is caused by electron bombardment. If the tube is operating 
under normal conditions, it should be replaced, as its peak-inverse-vol- 
tage rating is decreasing and it may soon become unsuitable as a recti- 
fier under the existing conditions. 

A blue color is a normal condition of operation in tubes such as mer- 
cury-vapor rectifier tubes and voltage regulator tubes. 

A glow from within the tube, often a purplish color, indicates a “soft” 
tube. If the tube was not originally designed to be a “soft” tube, other 
indications would be: excessive plate current, erratic or non-operation, 
and a possible red heat observable in the plate. In certain applications 
the cathode or filament may be destroyed due to positive-ion bombard- 
ment. Sometimes fluorescence occurs in the glass itself, also bluish or 
purplish; this does not indicate a soft tube. 

During the manufacturing processes, many precautions are taken 
to exclude the presence of air from tubes, even those which are de- 


signed to contain gas after evacuation. The presence of such air or 
other undesired gases will interfere with the normal action of the tube 
due to ionization under the impact of the emitted electrons. Most gases 
are driven off by heating the tube to a high degree during evacuation. 
Any gases which remain are absorbed by the “getter,” usually consist- 
ing of barium, “flashed” inside the tube after evacuation is complete. 
Deliberate introduction of gas is then made if desired. 


INDICATING INSTRUMENTS 


Q. 3.79. Make a sketch showing the construction of the D’Arsonval 
type meter and label the various parts. Draw a circuit diagram of a 
vacuum-tube-voltmeter and a wattmeter. 


A. (a) For the sketch of a D’Arsonval meter, see Fig. 3.79(a). 

The D’Arsonval type of meter consists of three basic parts: (1) a 
permanent magnet, (2) a movable coil with pointer attached, rotating 
in jewel bearings, (3) two spiral springs, one at each side of the mov- 
able coil. The current to be measured is caused to flow through the 
movable coil, connection to which is made through the two spiral 
springs. The magnetic field set up in the movable coil is proportional 
to the current flowing through it, and causes the coil to turn against 
the two spiral springs by reacting against the field of the permanent 
magnet. The amount of coil rotation (and needle), therefore, depends 
upon the motor force developed to overcome the resistance of the spiral 
springs. The movable coil rotates about a stationary soft iron core, to 
increase the magnetic force and thus the sensitivity of the meter. The 
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movable coil is wound of very fine silk covered copper wire upon a 
light aluminum frame. The frame also performs the function of damp- 
ing. As the coil moves in the permanent magnetic field, eddy currents 
are set up in the frame which in turn produce magnetic fields tending 
to oppose the original field of the permanent magnet, thus tending to 
stop the rotation. Without such damping, the needle would oscillate 
many times before finally coming to rest at the proper reading. 


COIL WOUND ON 


RECTANGULAR FRAME POINTER 
CIRCULAR 
CORE ENLARGED 
VIEW OF 
SPRING 
PERMANENT 
MAGNET SPRING 


COUNTER 
Bece WEIGHTS 


ZERO ADJUST SCREW 


MOVABLE COIL 


Fig. 3.79(a). Construction details of a D’ Arsonval 
moving-coil mechanism. 


(b) For the circuit diagram of a vacuum-tube voltmeter, see Fig. 
3.79(b). The major advantage of a vacuum-tube voltmeter over a con- 
ventional (simple) voltmeter is the VIT'VM’s high input resistance which 
is commonly 11 megohms on all scales. The vacuum-tube voltmeter thus 
draws negligible current from the circuit being tested and thereby avoids 
erroneous readings. Generally speaking, the impedance of the meter 
should be ten times greater than that of the circuit it is shunting for 
test. Contrast the 11-megohm impedance on a 1.5-volt scale of a VITVM, 
with the 30,000-ohm impedance of a 20,000-ohm-per-volt meter, and 
with the 1,500-ohm impedance of a 1,000-ohm-per-volt meter. This last 
meter, measuring voltage across a one megohm resistor, would provide a 
completely erroneous reading by changing the circuit impedance from 
1,000,000 ohms to approximately 1,500 ohms. 

(c) For the circuit diagram of a wattmeter, see Fig. 3.79(c). 
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D-C INPUT 
— + 


Fig. 3.79(b). Simplified diagram of a balanced triode d—c 


vacuum-tube-voltmeter. 


A wattmeter is basically a voltmeter and an ammeter so connected 
that power factor is automatically compensated for in the indicating 
device. The usual type of wattmeter consists of two stationary coils made 
of a few turns of heavy wire which are connected in series with each 
other and with the line, and a movable coil inside of the two fixed ones, 
which is connected in series with a high resistance across the line as a 
voltmeter. The current in the stationary coils produces a field which is 
proportional to the line current, while the current in the movable coil 


MOVING VOLTAGE 
COIL 


CURRENT 


SOURCE 
() LOAD 


MULTIPLIER 
RESISTOR 


Fig. 3.79(c). Circuit diagram of a wattmeter. 


produces a field which is proportional to the line voltage. The torque 
tending to deflect the needle of the moving coil is proportional to the 
product of the instantaneous line voltage and current, or to the instan- 
taneous power. However, the moving element has sufficient damping 
so that the needle indicates only the average power, and thus compen- 
sates for power factor. Wattmeters of this type may be used on either 
a.c. or d.c. 
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Q. 3.80. Show by a diagram how a voltmeter and ammeter should 
be connected to measure power in a d-c circuit. 


A. For the diagram, see Fig. 3.80. 


LOAD 


Fig. 3.80. D-c power measurement with voltmeter and 
aninieter. 


D. Ina d-c circuit, as shown, the power in watts is equal to the prod- 
uct of the voltage in volts and the current in amperes, or 


P=EXI 
Q. -3.81. Ifa 0-1 d-c milliammeter is to be converted into a voltmeter 


with a full scale calibration of 100 volts, what value of resistance should 
be connected in series with the milliammeter? 


A. The series resistance should equal 100,000 ohms, minus the 
meter resistance which is usually small enough to neglect in this case. 


D. The value of series resistance can be found from the formula, 


oe 2) (fulliscaley™ - 1100 
iy 2 (fulliscale)> 750.001 


All standard voltmeters are basically milliammeters or microam- 
meters. The resistance of the meter would probably not be known, but 
could be measured if equipment were available. However, the full scale 
current rating is always available on the face of the meter. Neglecting 
the meter resistance, the value of multiplier resistor could be calculated 


R = 100,000 ohms. 


from, R = —!2, where R is the value of multiplier resistance, Ey, is the 


Ths 
full scale voltage reading desired, Ij, is the full scale current rating of. 
the meter in question. 


Q. 3.82. A 1-milliampere meter having a resistance of 25 ohms 
was used to measure an unknown current by shunting the meter 
with a 4 ohm resistor. It then read 0.4 milliampere. What was the 
unknown current value? 


A. The unknown current was 2.9 milliamperes. 


D. A basic formula to use in these problems is 
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Rel je Ril; 
where 


Rm = resistance of the meter 


I, = current flowing in the meter 
R, = resistance of the shunt 
I, == current in the shunt. 


This is because RmIm is the voltage across the meter (EF = IR) and 
R,I, is the voltage across the shunt. The two voltages must be the same 
because the two are connected. 

The meter drop is RyJm == 25 X 0.0004 = 0.01 volt. 

0.01 

Then Rid, =— 0.01 x i eos 207 = 0.0025 A. 
Both together take 0.0025 A + 0.0004 A = 2.9 milliamperes, the total 
current. 


Q. 3.83. An RF VTVM is available to locate resonance of a tunable 
primary tank circuit of an RF transformer. If the VTVM is measuring 
the voltage across the tuned secondary, how would resonance of the pri- 
mary be indicated? 


A. Resonance will be indicated by the peak reading of the meter. 


D. At resonance the primary tank will offer maximum impedance 
to the wave and therefore the maximum voltage will be developed across 
it and coupled to the secondary. 


Q. 3.84. Define the following terms and describe a practical situation 
in which they might be used. 

(a) RMS voltage 

(b) peak current 

(c) average current 

(d) power 

(e) energy 


A. (a) RMS (or root-mean-square) is also known as the “effective” 
value of a waveform. In the case of a sine wave, it equals 0.707 of the 
peak value of the wave, Many meters are calibrated in terms of RMS 
values because this is the “working” or “heating” value of the current. 
The effective value of an a-c current is that value which would cause the 
same heating effect as a d-c current of the same numerical value. 

(b) The peak current of any waveform is the greatest instantaneous 
value of that current. For a sine wave, the peak current equals 1.414 
times the RMS value. 

Peak currents are important in rectifying devices. The rated peak 
value should not be exceeded to avoid damage. 

(c) The average current in an a-c circuit is equal to 0.636 of the peak 
value, or 0.9 of the rms value. 
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The rotation of the moving coil in a d-c meter is proportional to the 
average value of current flowing in it. However, the scale is generally 
calibrated in the effective (RMS) value, which is the working or heating 
value of the current. 

(d) Electrical power is the rate of doing work (the rate of expending 
energy) by electricity. Electrical power is measured by a unit called the 
watt. One watt is the power expended in heat in a circuit when a current 
of 1 ampere (6.28 x 1018 electrons per second) flows through a re- 
sistance of 1 ohm. One watt is 1 joule per second. 

(e) Electrical energy is the capacity or ability to accomplish work by 
electricity. (“Work” in this sense includes production of heat, or conver- 
sion into any other form of energy.) Electrical energy is measured by a 
unit called the joule. Energy in electrical circuits is transferred into the 
form of heat. A joule is the amount of energy expended in moving 1 
coulomb (6.28 x 1018) of electricity through a resistance of 1 ohm. 
One joule = 0.7376 ft pound; 3600 joules = 1 watt-hour. 


Q. 3.85. Describe how horizontal and vertical deflection takes place 
in a cathode ray oscilloscope. Include a discussion of the waveforms 
involved. 


A. The usual test oscilloscope has a cathode ray tube utilizing elec- 


trostatic deflection plates. (This discussion is keyed to the illustration in 


Fig. 3.85.) : 


ELECTRON BEAM 


Fig. 3.85. Deflection plates for electrostatic cathode-ray tube. 


There are two sets of deflection plates, the vertical deflecting plates 
(A-B) and the horizontal deflecting plates (C-D). The effect of these 
deflection plates is based on the fact that an electron beam can be de- 
flected by an electrostatic field. The negative electron beam will be at- 
tracted toward the positive plate and repelled from the negative plate. 
Since the beam is accelerated toward the screen, its electrons are merely 
shifted in their path and are nat ordinarily picked up by the positive 
deflection plate. If plate A is more positive than plate B, the beam will 
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be deflected upward and will strike the point “a” on the screen. If the 
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potentials are equal (or zero), the beam will strike point “‘o.” Con- 
versely, if plate B is more positive than plate A, the beam will strike 
at point “b.” In the same manner, the beam may be moved horizontally 
from point “d” to point “c” on the screen. 

In practice, a sawtooth deflection voltage is applied to plates C-D. 
This causes a relatively slow movement of the beam from “d” to “c” 
and a much more rapid return of the beam from “c” to “d.” The rate 
of this movement is synchronized with the waveform repetition rate of 
the input waveform to be viewed. This waveform is applied to the ver. 
tical deflecting plates, and may be any wave within the limitations of 
the oscilloscope. The combination of the horizontal (sweep) movement 
and the vertical signal input causes the input waveform to be traced out 
on the screen. 


OSCILLATORS 


Q. 3.86. Draw circuit diagrams of each of the following types of 
oscillators (include any commonly associated components). Explain the 
principles of operation of each. 

(a) Armstrong 

(b) Tuned plate-tuned grid (series fed and shunt fed, crystal and 
LC controlled) 

(c) Hartley 

(d) Colpitts 

(e) Electron coupled 

(f) Multivibrator 

(g) Pierce (crystal controlled) 

A. General: All oscillators (except relaxation types) require a tuned 
circuit made up of inductance and capacitance for their operation. It 
is this tuned circuit which is actually the oscillator. The frequency of 
an oscillator with reasonably high Q (greater than 10) is found from 

1 
2r\/LC 
henrys, and C is in farads. A conventional type of oscillator operates as 
follows: when the power switch is turned on, high-frequency current 
surges pass through the tuned circuit (tank) and shock-excite it into 
oscillation. If no means were provided to make up energy losses, this 
oscillation would gradually die out at a rate which would be propor- 
tional to the Q of the tank, and the resultant wave train would be called 
a “damped wave.” In order to produce sustained oscillations, it is nec- 
essary that the losses which occur in the tuned circuit be replenished 
from the power supply by means of a vacuum tube. These losses are 
mainly due to: (1) d-c resistance, (2) a-c resistance (skin effect), (3) 


the approximate forumla f = 


, where f is in hertz, L is in 
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coupling into a load, (4) grid power requirements, (5) radiation. 

The function of the vacuum tube is to act as a valve which releases 
pulses of energy into the tank circuit in the correct phase. This energy 
is usually applied indirectly to the tank circuit by means of a feedback 
network. These networks usually consist of inductive or capacitive 
coupling elements which connect the tube with the tank circuit. Many 
oscillator tubes operate as class C amplifiers and are “cut off” for a 
large percentage of each cycle. When the potential at the grid side of 
the tank circuit is passing through its most positive values, the class C 
bias is overcome and the tube is permitted to conduct for a short period 
of time, feeding energy into the tank circuit. It should always be borne in 
mind that the tube itself is ot the oscillator; the tuned circuit zs. 

Grid leak bias is developed in an oscillator by the charging of the 
grid capacitor from grid current and its discharging through the 
grid leak resistor. The average value of the capacitor voltage is the 
bias. Before the oscillator starts into operation there is no charge in 
the grid capacitor and the initial bias is, therefore, zero. When the 
tank circuit starts oscillating the first cycle has a small amplitude which 
increases at a definite rate depending upon the Q until a maximum 
value is reached a number of cycles later. Since the initial bias was 
zero, the effect of the first positive swing of the tank circuit, on the 
grid, is to cause grid current to charge the grid capacitor to some 
small value. In a like manner the grid capacitor continues to charge 
to the increasing positive swings of the tank circuit until the capacitor 
voltage is equal to some value of the steady-state tank-circuit posi- 
tive swings, which depends upon the value of grid-leak resistance. The 
polarity of the charged capacitor is such that it is negative at the grid 
side, and thus provides the bias potential. The maximum steady state 
bias depends upon a number of factors such as type of tube, effective 
Q of tank circuit, amount of feedback, and tube operating voltages. 
One method of calculating grid bias constants is given below (assum- 
ing that the average grid current is known), is given in a tube manual, 
or can be found experimentally. 


1. (a) For class C, E, = 2B 


(for twice cut-off) where E, is the 


d-c grid bias, Ey is the d-c plate voltage, and p is the amplification | 
factor of the tube. 


(b) For class B, E, = Boat cut-off) 
pe 


(c) Forclass A2, E, = ee 
py 
De Ro , where R, is the grid resistance in ohms, and I, is 
9 


equal to the average d-c grid current in amperes. 
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Ay OF anton OOD te where C, is the grid capacitor in microfarads, 
F, X Ry 
F,, is the lowest operating frequency in kilohertz, and R, is the grid 
resistor in ohms. 
(a) Fig. 3.86(al) shows a shunt-fed Armstrong oscillator and Fig. 


3.86(a2) shows a series-fed Armstrong oscillator. 


. + 
4 fig 


Fig. 3.86(a1). A tuned-grid Armstrong oscillator with 
shunt-fed plate. 


Loan 3 C, Ch CD 
: Laas 


Fig. 3.86(a2). A tuned-grid Armstrong oscillator with 
series-fed plate. 


Feedback is accomplished by magnetic coupling between Ly and 
L, and may be varied by changing the degree of coupling. The fre- 
quency is determined mainly by LC. Cy prevents short circuiting the 
power supply and provides an easy path for r-f plate current to return 
to the cathode. The radio-frequency choke, RFC, prevents r-f plate cur- 
rent from entering the power supply; R,-C, is the bias network. 

The transistor equivalent of the tuned-grid Armstrong oscillator, 
with shunt-fed plate, is shown in Fig. 3.86(a3). While the circuits are 
basically similar, there are some important differences. 

With a vacuum-tube oscillator, employing only grid-leak bias, the 
tube is at maximum conduction when the bias is zero. In the case of 
a transistor oscillator, this would not be true, since the transistor would 
be biased class C at zero bias [see Q. 3.192(S)}. In order that 
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Fig. 3.86(a3). A tuned-base Armstrong oscillator with shunt-fed 
collector. (This circuit is similar in operation to Fig, 3.86(a1).) 


transistor oscillator will be self starting, it is essential to provide some 
forward bias for the base-emitter circuit. Thus, most transistor oscil- 
lators are operated either class AB or class A. 

In Fig. 3.86(a3), forward bias is provided by the voltage divider 
consisting of Ry and Rg. The emitter resistor Ry has been included to 
provide thermal transistor stabilization (see Q. 3.189). The emitter 
capacitor, Cp, is necessary to prevent degeneration from the voltage 
which would otherwise appear across Rg. 

Note that the function of the RF choke in Fig. 3.86(a1) is per- 
formed by the resistor Ro, in Fig. 3.86(a3). The operation of the 
transistor oscillator is the same as the tube type. 

(b) (1) For the diagram of a tuned-plate, tuned-grid, series-fed, LC 
controlled oscillator, see Fig. 3.86(b1). 

Feedback is saeomnal dae through the ee ree capacitance 
Cop. The output frequency is slightly lower than the resonant frequency 
of either L1C, or LoCo. LoCo is tuned slightly higher than L,C,. C, offers 
a low impedance path for the r.f. to return to the cathode, by-passing 
the power supply. Rg—C, is the bias network. Tetrodes or pentodes will 
= be suitable except at very high frequencies because of the low values 
ot Cy 

(2). For the diagram of a tuned-plate, tuned-grid, shunt-fed, LC con- 
trolled oscillator, see Fig. 3.86(b2). (See also part (b)(1) of this ques- 
tion.) Cy prevents short circuiting of the power supply. The value of 
the inductance of the radio-frequency choke, RFC, should be at least 10 
times greater than the inductance of Le so as not to change the frequency 
of LnCo. 

(3) For circuit diagrams of tuned-grid, tuned-plate, crystal-controlled 
oscillators, see Figs. 3.86(b3) and 3.86(b4). 
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Fig. 3.86(61). A tuned-plate tuned-grid oscillator with 
series-fed plate. 


Fig. 3.86(62). A tuned-plate tuned-grid oscillator with 
shunt-fed plate. 


Figure 3.86(b3) is a diagram of a tuned-plate, tuned-grid oscillator 
with the crystal and its holder replacing the original grid tank circuit. 
Feedback is accomplished through Cy». The bias capacitor here is Cy, the 
capacity of the crystal holder, and the bias resistor is Ry. The purpose 
of the r-f choke, RFC, is to maintain a high impedance across the 
crystal and so maintain a high Q. A pentode or tetrode has a higher 
power sensitivity and a much lower value of C,, than a triode. This 
means that it is possible to reduce the amount of crystal voltage and 
current for a given output power and consequently reduce crystal heat- 
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Fig. 3.86(b4). A pentode tube used as a crystal-controlled 
oscillator. 


ing. The grid circuit is also less affected by changes in load than when | 
a triode is used, due to the reduced C,,. However, Cj, may be too 
small to allow sufficient feedback especially at the lower frequencies, 
and in this case a small capacitor in the ofder of 2 pF should be con- 
nected between grid and plate. 

(c) For the circuit diagram of a shunt-fed Hartley oscillator, see 
Fig. 3.86(c). 

To find whether the oscillator or amplifier is shunt or series fed, 
merely trace the path of d-c plate current. If it passes through any part 
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of a tuning inductance, the circuit is series fed. Otherwise it is shunt fed. 
Feedback is accomplished by magnetic coupling between L, and Ly, and 
may be increased by lowering the tap, or decreased by raising the tap. 


Fig. 3.86(c). A Hartley oscillator with shunt-fed plate. 


The “tank” circuit which mainly determines the resonant frequency, 
consists of C, across the entire inductance of ‘L, + Ly. Cy offers a low 
impedance path for r-f plate current to return to the cathode through Ly. 
The radio-frequency choke, RFC, prevents r-f plate current from passing 
through the power supply. R,-C, is the bias network. 

For the schematic diagram of a transistor, shunt-fed Hartley oscil- 
lator, see Fig. 3.283. Note the great similarity to the tube version 
shown in Fig. 3.86(c). The operation for the two types is the same. 
The discussion in part 3(a) of Question 3.86, regarding forward bias, 
the emitter network and resistor Ro, applies equally to this transistor 
oscillator. 

A comparison between the Hartley oscillator shown in Fig. 3.86(c) 
and the Colpitts oscillator shown in Fig. 3.86(d) follows. 

The basic difference between the Colpitts and Hartley oscillators 
is the method of adjusting the feedback. In both the Colpitts and Hart- 
ley oscillators, the tank circuit is effectively connected between the grid 
and plate of the vacuum tube. In both cases the amount of feedback 1s 
adjusted by varying the point at which the cathode is effectively tapped 
into the tank circuit. In the Hartley oscillator this is done by tapping 
into the coil proper, while in the Colpitts oscillator the tap is made by 
means of a capacitive voltage divider. This consists of two series ca- 
pacitors connected across the tuning inductance, with the cathode con- 
nected between the two. By varying the ratio between the two capaci- 
tors, the feedback voltage may be varied. Once the feedback ratio is 
determined, the two capacitors may be “ganged” together for tuning. 
Other differences include: (1) The Colpitts oscillator must be shunt 
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fed, while the Hartley oscillator may be shunt or series fed. (2) In the 
Colpitts oscillator the grid leak resistance must be connected from grid 
to cathode, while in the Hartley oscillator it may alternatively be con- 
nected across the grid capacitor. (3) The Colpitts oscillator seems to 
be preferred for use in the very low frequencies and the very high fre- 
quencies (ultraudion), while the Hartley oscillator is used between these 
two extremes. 


(d) For a circuit diagram of a shunt-fed Colpitts oscillator, see Fig. 
3.86(d). 


Fig. 3.86(d). A Colpitts oscillator with shunt-fed plate. 


Feedback is accomplished by a capacitive voltage divider action 
between C, and C,. To increase feedback, decrease the value of Cy in 
relation to C,;. To decrease feedback, increase Cy in relation to C,. R, 
must be connected between grid and cathode otherwise the grid will 
have no d-c return to ground. C, is often eliminated, in which case C2 
will also serve the function of bias capacitor. The frequency is deter- 
mined mainly by L, in parallel with the series combination of C2 and 
C;. In changing frequency, C2 and C; are moved simultaneously. C» 
offers a low impedance path for r-f plate current through C; to the 
cathode. The r-f choke, RFC, keeps r-f plate current out of the power 
supply. See also part (c) above. 

For the schematic diagram of a transistorized Colpitts crystal oscil- 
lator, see Fig. 3.286. While a crystal oscillator is shown, this could be 
easily changed to an LC oscillator by replacing the crystal by a coil and 
insuring that capacitors C1 and C2 are correct to tune the coil to the 
desired frequency range. 

The discussion in part 3(a) of Question 3.86, regarding forward 
bias, the emitter network and resistor Rg, also applies to this transistor 
oscillator. 

(e) For the circuit diagram of an electron-coupled oscillator, see Fig. 


3.86(e). 
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The oscillator proper is a series-fed Hartley. with the screen grid 
acting as the plate of the oscillator. Coupling into the plate tank circuit 
occurs by virtue of the electron stream variations caused by the swing 
of the control grid, hence the name “electron-coupled.” The main ad- 
vantage of this circuit arrangement is its excellent frequency stability. 
Its features are: (1) Buffer action because the oscillator tank is isolated 
from the load; (2) frequency multiplication may be obtained by tun- 
ing L2C» to a harmonic oscillator frequency; (3) frequency is substan- 
tially independent of power supply variations; (4) combination of os- 
cillator and amplifier using only one tube. 

(f) For the circuit diagram of a symmetrical, plate-coupled, free-run- 
ning multivibrator, see Fig. 3.86(f1). The waveforms used in conjunc- 
tion with the explanation of its operation are given in Fig. 3.86(f2). 

A multivibrator is a form of relaxation oscillator which is rather 
unstable in the free running condition, but which may be completely 
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Fig. 3.86(e). An electron-coupled oscillator. 


Fig. 3.86(f1). Circuit diagram of a symmetrical, plate- 
coupled, free-running multivibrator. 


Element III Basic RADIOTELEPHONE 131 


stabilized by the application of suitable synchronizing voltages. It re- 
quires two tubes for its operation and has a frequency range extending 
approximately from 1 cycle per minute to 100,000 (or more) hertz. 
The operation of this circuit follows. 

It is assumed that V;, initially conducts more heavily than V2 when 
power-supply voltages are applied. This causes an increase in the voltage 
drop across Ry; and a decrease of the plate voltage of Vi (€p1). This de- 
crease of ep; voltage is coupled by capacitor C,2 to the grid of V2. The 
negative-going voltage (eg) causes a reduction in the plate current of 


Cc, CHARGE 
B+ 
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Fig. 3.86(f2). Waveforms of asymmetrical, plate-coupled, 
free-running multivibrator. 


V2 and an increase of its plate voltage, epg. The increase of epe is coupled 
through capacitor C., as a “positive-going” voltage at the grid of Vi, 
which further increases the plate current of V; and further decreases its 
plate voltage. 

The action just described is regenerative and ends with V2 being cut 
off and V; conducting at its maximum value (see waveforms). This 
regenerative (or switching) operation occurs in a fraction of a micro- 
second. Capacitor C.g now begins to discharge to the reduced plate volt- 
age of V, through Ryo. As Cee discharges in accordance (mainly) with 
the time constant of Cyy-Rgs, the negative voltage at the grid of Ve 
decreases. This discharge continues (with V2 cut off and V; conducting 
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heavily) until ego reaches the cut-off bias value for Vo. At this point, a 
new switching action begins. As ego begins to rise above the cut-off 
value for Vg, this tube begins to conduct. This initiates another switch- 
ing action which will be concluded when V, is cut off and V» conducts 
heavily. 

The conduction of V2 results in a decrease of its plate voltage, epo. 
This “negative-going” voltage is coupled to the grid of V1, reducing its 
plate current. The reduced V, plate current results in an increase of its 
plate voltage and this “‘positive-going” voltage change is coupled through 
capacitor Ceg to the grid of V2, further increasing its plate current and 
further reducing its plate voltage. Once again the action is regenerative 
and results in the situation where V, is now cut off and Vg is conducting 
heavily. The beginning of the next switching action starts when ey; rises 
just above cut-off and completes one full cycle of operation. 

Since this is a “free-running” multivibrator, the above described action 
continues until the power supply voltages are removed. 

As can be seen in Fig. 3.86(f2), the plate waveform is basically a 
square wave. This arrangement, with and without additional squaring 
procedures, is frequently used when square wave pulses are desired. The 
waveforms shown are symmetrical, because both halves of each cycle are 
equal in time duration. This occurs primarily because the time constant 
of Co; and Rg; is equal to that of Cg and Rgs. In many applications 
(e.g., sawtooth generators and pulse generators), it is desirable to have 
the positive portion of the plate waveform either narrower or wider than 
the negative portion. This is accomplished by choosing unequal time 
constants for the two grid circuits. 

A symmetrical, free-running, collector-coupled transistor multivi- 
brator is shown in Fig. 3.86(£3). Note the great similarity to Fig. 
3.86(f1). The operating principles are the same as for the tube counter- 
part, with one major exception. For oscillations to begin (as with a 
transistor LC oscillator), it is necessary to forward bias both transistors. 
This is accomplished by connecting the two base resistors to —Voc. 
(See part 3(a) of Question 3.86 for a discussion of the requirement 
for forward bias.) 

Some uses for multivibrators are: 

1. As frequency dividers. 

2. As sawtooth generators. 

3. As harmonic generators. 

4. As square wave and pulse generators. 

5. As_a standard frequency source when synchronized by an exter- 
nal crystal oscillator. 

6. Many specialized uses in radar and television circuits. 

There are two general classifications of multivibrators. These are the 
free running or non-driven type, and the driven or monostable type. 
The former type is capable of generating continuous oscillations, while 
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Fig. 3.86(f3). Circuit diagram of a symmetrical, collector-coupled, 
free running (astable) transistor multivibrator. 


the latter type requires a driving pulse to start the operation after which 
it will complete one full cycle and then stop and wait for the next driv- 
ing pulse. 

Multivibrators are also classified as to the manner of feedback. These 
divisions generally speaking are: (1) plate coupling, where feedback 1s 
taken from the plate circuit of each tube and fed into the grid of the 
opposite tube, and (2) cathode coupling where feedback is provided by 
means of a common cathode resistor for both tubes and plate coupling ° 
for one tube. When used as a frequency divider, the free running fre- 
quency of the multivibrator is set so as to be slightly lower than a whole 
sub-multiple of the synchronizing frequency. A frequency division of 
10:1 or so is usually considered to be the maximum obtainable with 
reliable stability of the multivibrator. For example, an original source 
of 100,000 hertz could be used to synchronize a multivibrator operat- 
ing at 10,000 hertz. Due to the very high harmonic content of the non- 
sinusoidal multivibrator output voltage, harmonics in the order of one 
hundred or more may be obtained. Thus if the 100,000-hertz synchro- 
nizing voltage was supplied by a very stable crystal oscillator, a series of 
standard harmonic frequencies would be available ranging from 10,000 
hertz (fundamental) and increasing in steps of 10,000 hertz to possibly 
1,000,000 hertz. No definite simple formula may be given for the fre- 
quency of a multivibrator since there are too many variables. However, 
it can be said that the grid coupling elements (capacitor and resistor ) 
have the greatest effect upon the determination of the frequency. In- 
creasing or decreasing the time-constant of this combination causes pro- 
portional increases or decreases of frequency. 


(g) For the circuit diagram of a crystal-controlled Pierce oscillator 
and its operation, see Figs. 3.86(g1) and 3.86(g2). 


Figure 3.86(g2) is an explanatory diagram for the circuit given 
in Fig. 3.86(gl). The dotted lines indicate capacity between the tube 
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Fig. 3.86(g1). Pirerce oscillator. 
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Fig. 3.86(g2). Explanatory diagram for Fig. 3.86(g1). 


elements. Cz blocks the d-c plate voltage from the crystal. Cy decreases 
the capacitive reactance between grid and cathode, to keep the feed- 
back down to its proper value. Since the crystal acts as a tank circuit, 
with the cathode returning to an intermediate point, determined by 
the relation of Cp, to Cy and Co, its operation is electrically equivalent 
to a Colpitts oscillator (part d) above). 

A transistor version of the Pierce oscillator is shown in Fig. 3.86 
(g3). This circuit employs a junction, field-effect transistor (JFET), 
which has certain characteristics that are very similar to a triode vacuum 
tube. The gate (G) is similar to a grid; the source (S) is similar to 
a cathode; and the drain (D) is similar to a plate. The similarities 
apply both to their functions and to their relative impedance levels. 
Like a vacuum tube, a FET has a high input impedance and a lower 
output impedance. (This contrasts with the conventional transistor, 
which has a low input impedance and a higher output impedance.) 
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Fig, 3.86(g3). A Pierce oscillator employing FET 
ist Field-Effect Transistor). (See text.) 


This transistor version of the Pierce oscillator functions in the same 
manner as the vacuum-tube version, previously described. 


Q. 3.87. What are the principal advantages of crystal control over 
tuned-circuit oscillators? 


A. - The principal advantages of crystal control are improved fre- 
quency stability and compactness of the crystal as compared to a con- 


ventional tuned circuit. 


D. The quartz crystal, its holder capacitance and associated tube and 
stray capacitance actually form an equivalent tank circuit of very high 
Q. Etched crystals with plated electrodes, mounted in a vacuum, have 
been found to give Qs in the order of 500,000. This is exceptional, how- 
ever, and ordinary crystal installations have a Q (unloaded) in the order 
of a thousand or more. Crystal oscillators are generally found in two 
forms. One is the tuned-plate variety, in which the crystal takes the 
place of the grid tank circuit (Question 3.86(b)(3)). The other type is 
the Pierce oscillator (equivalent to the “ultraudion”), in which the crys- 
tal is the sole tuned circuit in the oscillator (Question 3.86(g)). In any 
event the very high Q of the crystal makes for excellent oscillator sta- 
bility, especially when a constant temperature is maintained. 


A serious disadvantage of crystal control is the difficulty of changing 
operating frequencies. This entails the use of a cumbersome crystal 
changing switch, or the actual plugging in of separate crystals. Small 
changes in the crystal operating frequency may be made by changing 
the pressure of the crystal holder or by having a small variable capacitor 
across the crystal, or by the use of a special diode whose capacity varies 
with a change of bias voltage. 


Q. 3.88. Why should excessive feedback be avoided in a crystal oscil- 
lator? | 
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A. The crystal might overheat and break. 


D. In the conventional (tuned-plate, tuned-grid) crystal oscillator, 
discussed in Q. 3.86(b)(3), this means a relatively large value of grid 
to plate capacitance for the particular operating frequency. This in turn 
might cause excessive feedback into the crystal circuit, overheating and 
possibly cracking the crystal. The use of a tetrode or pentode greatly 
reduces this possibility because of the small value of grid to plate capa- 
citance. 


Q. 3.89. Why is a separate source of plate power desirable for a crys- 
tal oscillator stage in a radio transmitter? 


A. To prevent “dynamic instability” of the crystal oscillator. 


D. “Frequency shift” or “dynamic instability” refers to the instan- 
taneous changes of oscillator frequency due to corresponding changes 
of plate and screen grid voltages of the oscillator tubes and is caused by 
improper regulation of the power supply. 

If a common power supply were used for the oscillator, r-f am- 
plifiers, and modulator stages, it would be difficult to prevent “dynamic 
instability,” especially if the modulator was not operating strictly class 
A. Any changes in loading due to any cause, or any changes in modu- 
lator power requirements will create a change in power supply output 
voltage. This in turn may cause the oscillator frequency to shift, creat- 
ing undesired frequency modulation. In general, an increase of oscilla- 


b 


tor plate voltage (with screen voltage constant) will cause the oscillator 
trequency to increase because of a decrease of tube input capacity. A 
proportional increase of screen voltage would have the opposite effect 
on the frequency, and this factor is taken advantage of in the electron- 
coupled oscillator to maintain frequency stability and reduce “dynamic 
instability.” Dynamic instability can also be reduced by: (1) using an 
oscillator tank circuit with a high C/L ratio, (2) by light loading of the 
oscillator circuit, (3) by using a high value of grid leak, (4) by using 
separate power supplies for oscillator, modulator, and r-f amplifiers, or 
at least for the oscillator. 


Q. 3.90. What may result if a high degree of coupling exists between 
the plate and grid circuits of a crystal controlled oscillator? 


A. See Q. 3.88. 


Q. 3.91. Explain some methods of determining if oscillation is oc- 
curring in an oscillator circuit. 


A. The following methods may be used: 
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1. Tuning a radio receiver to the oscillator frequency. 

2. Tuning a heterodyne frequency meter to the oscillator frequency. 
A sensitive wavemeter (loosely coupled) may also be used. 

3. Certain grid-dip meters have phone jacks and provisions for de- 
tecting a zero-beat condition. When the grid-dip meter is tuned to the 
oscillator frequency (if operating), a “zero-beat” condition will be ob- 
served. 

4. A neon bulb or low current flashlight bulb connected to a loop of 
wire and loosely coupled to the oscillator circuit will light if the oscil- 
lator is functioning. 

5. Check the grid bias with a high-impedance voltmeter. It will be 
considerably higher when the circuit is oscillating than when it is not. 
If the voltmeter is nct high-impedance, the oscillations may be stopped 
when the meter is applied. 

6. A grid milliammeter will read grid current. This should be by- 
passed for r-f. 

7. The d-c plate current of the oscillator is lower when the circuit 1s 
oscillating. This may be checked with a by-passed milliammeter. 


Q. 3.92. What is meant by parasitic oscillations; how may they be 
detected and prevented? 


A. (a) Parasitic oscillations are defined as “either high or low fre- 
quency oscillations occurring in circuits other than the original tank cir- 
cuits, and at frequencies other than the desired output frequencies.” 

(b) They may be detected by tuning for them with a receiver (loosely 
coupled), wavemeter, or heterodyne frequency meter. Excessive or erratic 
~ grid or plate current readings, or overheating of components, sometimes 
indicates the presence of parasitic oscillations. 

(c) Parasitic oscillations may be either high or low in frequency. 
High frequency parasitics are present in tuned circuits usually composed 
of tube and stray capacitance and lead inductance. Many times, this 
behaves as a tuned-grid tuned-plate oscillator. High frequency parasitic 
oscillations may be minimized by inserting small non-inductive resistors 
in series with plate and grid leads, and by making the plate leads con- 
siderably longer than the grid leads. Other methods are placing a 
wave trap in series with the grid, and placing small r-f chokes in 
series with the plate and grid leads. Low frequency parasitics 
are usually caused by having r-f chokes in both plate and grid cir- 
cuits. These can be minimized by eliminating one of the two chokes, 
or by making the plate choke larger than the grid choke. Series plate 
and grid resistors may also help to eliminate low frequency parasitic 
oscillations. 


D. For methods of testing for the presence of parasitic oscillations, 


see Q. 3.126. 
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Q. 3.93. What determines the fundamental frequency of a quartz 
crystal? 


A. The fundamental frequency of a quartz crystal is dependent upon 
the following factors: 

1. The crystal’s physical dimensions. 

2. Capacitance of the crystal holder. 

3. The orientation of the slab cut from the natural crystal. 

4. The crystal substance. 


D. Certain crystalline substances such as quartz, rochelle salts, and 
tourmaline have a property known as piezo-electricity. If a pressure is 
applied to such a substance along one of its axes, a potential difference 
is developed across another axis. Conversely, a potential difference ap- 
plied across one axis produces a mechanical displacement along another 
axis. This phenomenon is known as the “piezo-electric effect.” Of all 
the various substances, quartz is the most generally satisfactory for use 
in oscillators. 

There are very many different types of crystal cuts in use each having 
its own stability characteristics. Most of these change their operating 
frequency in varying degrees, with changes of operating temperature. 
Where extreme frequency stability is desired, the crystal may be kept 
in a constant-temperature oven. 


Q. 3.94. What is meant by the temperature coefficient of a crystal? 


A. The “temperature coefficient” of a crystal defines the manner in 
which the frequency of the crystal varies with temperature change. The 
crystal is rated in terms of hertz per megahertz per temperature change 
in centigrade degrees (see discussion). 


D. A crystal may have a negative, a positive or a zero-temperature 
coefhcient. If the crystal has a negative temperature coefficient, its oper- 
ating frequency is inversely proportional to its temperature. With a posi- 
tive temperature coefficient, the crystal frequency is directly proportional 
to the temperature. A crystal with zero temperature coefficient remains 
at a relatively constant frequency within stated temperature limits. A typ- 
ical example involving a negative-temperature coefficient crystal follows. 

A standard crystal marking may be as follows: —50/108/C°/. 
This means that the crystal frequency will change at the rate of 50 


hertz per megahertz, per degree change of temperature in centigrade. 
The negative sign indicates that the crystal has a negative temperature 
coefficient. For example, a 7-megahertz crystal has the following mark- 


ing: —40/10°/C°; find the operating frequency if the temperature in- 
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creases 5°C. This is done simply as follows: 407>5=1400 hertz. 
The new frequency is 7,000,000 minus 1400 or 6,998,600 hertz. 


Q. 3.95. What are the characteristics and possible uses of an “over- 
tone” crystal? A “third mode” crystal? 


A. 1. An “overtone” crystal is one specially ground to oscillate at an 
odd harmonic of its fundamental frequency. Crystals are available to 
oscillate at frequencies up to 100 MHz. Most standard crystals will os- 
cillate on their third and fifth overtones using suitable circuitry. Over- 
tone crystals are commonly used for oscillators in VHF transmitters 
(often in conjunction with frequency-multiplier stages) . 

2. A “third mode” crystal is one which is operated on the third har- 
monic of its fundamental frequency. 


D. As the fundamental operating frequency of a crystal increases, 
its thickness decreases. Consequently, at fundamental frequencies above 
about 25 to 30 megahertz, the crystal tends to become quite fragile and 
may be unstable. ““Overtone” operation is produced when crystals are 
operated at much higher frequencies. While standard crystals may pro- 
duce “‘overtone” operation, the best results are obtained with specially 
ground “overtone” crystals operated in circuitry designed for such opera- 
tion. In “overtone” operation, a relatively low-frequency (e.g., 20-mega- 
hertz) crystal, is operated on its overtone frequency and may produce 
(for example) its fifth overtone frequency of 100 megahertz. This proce- 
dure permits the use of a relatively thick (and stable) crystal at frequen- 
cies not practical for crystals operating at their fundamental frequency. 


Q. 3.96. Explain some of the factors involved in the stability of an 
oscillator (both crystal and LC-controlled). 


A. Some of the important factors are: 

1. C to L ratio of tank circuit. 

2. A stable and separate power supply. See Q. 3.89 above. 

3. Components with very low temperature coeffcients. 

4. Low loss components, including tank circuit elements, by-pass ca- 
pacitors and tube sockets. 

5. Constant temperature operation, such as enclosing critical circuits 
in a temperature-controlled oven. 

6. Use of high-Q, frequency determining elements, including the im- 
portant factor of stable-crystal control. 

7. Isolation of the oscillator from its load. 

8. The use of temperature compensating components. 


D. A major cause of oscillator “drift” is due to changes in the total 
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tuning capacitance of the oscillator. These include such factors as tube 
capacitance, wiring capacitance, and reflected reactance. If the original 
tuning capacitor is made relatively large, then any such capacity changes 
will cause a smaller percentage change of the total capacitance than if 
the original tuning capacitance were much smaller. Thus the percentage 
of oscillator frequency change is less when the oscillator tank has a 
high C to L ratio. See also Q. 3.87, Q. 3.89, Q. 3.94, Q. 3.98, Q. 4.43, 
Q. 4.44 and Q. 4.93. 


Q. 3.97. Is it necessary or desirable that the surfaces of a quartz crys- 
tal be clean? If so, what cleaning agents may be used which will not 
adversely affect the operation of the crystal? 


A. The crystal surfaces must be free of dirt or grease in order to 
operate properly. The faces of the crystal should not be touched with 
the fingers, and may be cleaned with soap and water or carbon tetra- 
chloride. 


D. Any greasy film upon the surfaces of a crystal will prevent good 
contact being made with,the holder, and will interfere with the correct 
operation of the crystal. 


Q. 3.98. What is the purpose of a buffer amplifier stage in a trans- 
mitter? 


A. A buffer amplifier is used to improve the frequency stability of 
the oscillator stage. 


D. A buffer amplifier is located immediately following the oscilla- 
tor. It has low gain and low Q circuits and draws no grid current. Thus 
it presents a very high impedance load upon the oscillator and does not 
affect the oscillator Q to any great extent. Any changes in tuning of 
the succeeding amplifier or antenna stages have little or no effect upon 
the output frequency of the oscillator. If a buffer amplifier were not 
present, such tuning changes, or even motion of the antenna, might 
change the oscillator frequency. 


AUDIO AMPLIFIERS 


Q. 3.99. Draw simple schematic diagrams illustrating the following 
types of coupling between audio amplifier stages and between a stage 
and a load. 

(a) Triode vacuum tube inductively coupled to a loudspeaker. 

(b) Resistance coupling between two pentode vacuum tubes. 

(c) Impedance coupling between two tetrode vacuum tubes. 

(d) A method of coupling a high impedance loudspeaker to an audio- 
frequency amplifier tube without flow of plate current through the 
speaker windings, and without the use of a transformer. 
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A. (a) For inductive coupling, see Fig. 3.99(a). 
(b) For resistance (RC) coupling, see Fig. 3.99(b). 
(c) For impedance coupling (rarely used), see Fig. 3.99(c). 
(d) For high-impedance speaker coupling (rarely used), see Fig. 
3.99(d). 
IMPEDANCE 


MATCHING 
TRANSFORMER 


SPEAKER 


ip 


Fig. 3.99(a). An a-f amplifier inductively coupled to a 
loudspeaker. 


Fig. 3.99(b). Resistance (RC) coupling between two 
pentode vacuum tubes. 


Q. 3.100. What would probably be the effect on the output ampli- 
tude and waveform if the cathode-resistor by-pass capacitor in an audio 
stage were removed? 

A. The output amplitude would be reduced and the output wave- 
form might be improved. 


D. If the cathode by-pass capacitor is removed, a condition of nega- 
tive current feedback exists in the amplifier. This is a degenerative volt- 
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Fig. 3.99(c). Impedance coupling between two tetrode 
vacuum tubes. 


HIGH 
AFC IMPEDANCE 
SPEAKER 


INPUT +. 


Fig. 3.99(da). Method of coupling a high-impedance loud- 
Speaker to an a-f amplifier. 


age, developed across the cathode resistor by the plate current in it. (See 


Q. 4.26.) 
The results of degenerative feedback in audio amplifiers are: 
]. Greater stability of amplifier characteristics. 
2. Reduction of harmonic distortion. 
3. Reduction of phase distortion. 
4. Improvement of frequency response linearity. 
5. Reduction of amplifier gain. 
6. Reduction of noise output. 
7. Reduction of effective r, with negative voltage feedback. 
8. Increase of effective r, with negative current feedback. 
The gain ratio of an amplifier with negative feedback may be deter- 


mined from the formula, @ = , where a’ is the gain with feed- 


Masusee 
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back, B is the fraction of the total output voltage fed back in opposi- 
tion to the input signal voltage E,, a is the gain without feedback. 
The low-frequency response will be affected according to the formula, 


F, ; 
F,’ = at where F,’ is the new low-frequency response without 


1a eal ss 
feedback. The high-frequency response will be affected according to the 
formula, Fo’ =F, (I + Ba). 

If no bypass capacitor were across the cathode resistor, the am- 
plifier would in general have improved performance but at a sacrifice in 
gain. Placing a capacitor of suitable value across the cathode resistor 
prevents degenerative effects due to instantaneous bias changes on the 
cathode, which are in phase with the applied signal. This is due to the 
fact that the capacitor charges very little on increasing plate currents 
and discharges very little on decreasing plate currents. This condition 
requires that the time constant in the cathode circuit be long with re- 
spect to the time of the lowest audio frequency desired to be passed 
through the amplifier without degeneration. A simple formula to cal- 


10,000,000 
2rfiRx 
cathode capacitor in microfarads, f, is the lowest frequency in hertz 

desired to be passed and Rg is the cathode bias resistance in ohms. 


culate the value of cathode capacitor is: Cr = , where Cx is 


Q. 3.101. Why do vacuum tubes produce random noise? 


A. Vacuum tube random noise (or shot-effect noise) is caused by 
random irregularities in the flow of electrons within the tube. 


D. Shot-effect is caused by the fact that electrons are discreet parti- 
cles which are emitted from the cathode in a random manner, rather 
than as a smooth continuous “fluid-like” flow. The current resulting 
from such an emission causes variations in the output circuit, commonly 
called “noise.” The “noise” energy is distributed evenly across the entire 
frequency spectrum. 


Q. 3.102. Why are de-coupling resistors and capacitors used in stages 
having a common power supply? 


A. The purpose of decoupling networks is to prevent oscillations 
from occurring in a multistage audio amplifier. 


D. It is common practice to supply plate and screen grid supply 
voltages for a multistage audio amplifier from a single power source. 
The output impedance of a power supply (unregulated) consists main- 
ly of the reactance of the output filter capacitor. This reactance is a 
common impedance coupling element between all stages. If the amplifier 
contains high gain stages, there is a possibility of sufficient feedback vol- 
tages being developed across the reactance of the output capacitor to 
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sustain oscillations. Since the reactance of a capacitor increases as the 
frequency decreases, such oscillations, if they occur, will most likely 


be of a very low frequency. 


Q. 3.103. How would saturation of an output transformer create 
distortion? | 


A. When saturation of an output transformer has been reached, the 
inductance value is greatly reduced. This causes two immediate effects: 

(a) A reduction of load impedance on the output tube which reduces 
output amplitudes, especially at the low frequencies and thus creates am- 
plitude distortion. 

(b) The inability of a saturated transformer to pass the waveform 
through to the speaker, without severe change. This happens because 
the flux in the transformer is already at its (practical) maximum value 
and cannot increase to follow the waveform pattern. This causes severe 
audio distortion. 


D. When a transformer core is saturated, the iron contains the maxi- 
mum number of flux lines it is capable of handling. A further increase 
in current through the primary does not produce additional flux lines 
and the effect is a flattening of the signal in the secondary. The trans- 
former may respond in the normal manner to low current signals, but 
saturate on high current peaks. 


Q. 3.104. Why is noise often produced when an audio signal is dis- 
torted? 


A. Whether or not “noise” is actually present when an audio signal 
is distorted depends largely upon the actual cause of the distortion. Sim- 
ple amplitude or frequency distortion will not necessarily produce any 
noise. Some cases where noise may accompany audio distortion may 
result from: 

1. Defective coupling capacitor. 

2. Microphonic tube. 

3. Microphonic connections or components. 

4. Defective volume control. 


D. An apparent increase of the “noise” level of an audio signal may 
be a consequence of distortion. If appreciable non-linear audio amplif- 
cation is present, amplitude distortion and possibly intermodulation dis- 
tortion may result. Amplitude distortion causes the production of har- 
monics of the original wave. Intermodulation distortion is a result of the 
production of entirely new frequencies which were not present in the 
original audio wave. These may be produced by a heterodyning process 
(non-linear amplification) between original audio frequencies or between 
original audio frequencies and their harmonics produced by non-linear 
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amplification. In either case, the resultants are the sum and difference 
frequencies (and harmonics of these) of the various combinations which 
tend to obscure the original audio tones and thus may be considered a 
form of audio “noise.” 


Q. 3.105. What are the factors which determine the correct bias 
voltage for the grid of a vacuum tube? 


A. The following factors apply: 

1. The class of operation (A, B, or C). 

The plate supply voltage. 

Permissible distortion. 

Grid signal magnitude. 

Permissible plate dissipation (in power tubes). 
Desired amplification factor (in variable y. tubes). 
The no-signal plate current desired. 

8. The desirability or not of drawing grid current. 


Be RM Bina Peed Be 


D. The amount of bias needed for a given class of operation is in- 
versely proportional to the amplification factor (4) of the tube. For 
example, in class C operation where the bias is equal to twice cut-off, 


it may be found from the formula, E, = Ep /Seetalso'O2'3:52):0; 3.58 
Y 
and Q. 3.106 through Q. 3.109. 


Q. 3.106. Draw schematic diagrams illustrating the following types 
of grid biasing and explain their operation. 

(a) Battery 

(b) Power supply 

(c) Voltage divider 

(d) Cathode-resistor 


A. (a) For battery bias, see Q. 3.50(b), above. 

(b) For power supply bias, see Fig. 3.106(b) and Q. 3.50(c) and (e), 
above, for diagrams. In this scheme the desired value of bias is pro- 
vided by means of a separate power supply. The current provided by 


R; Ro , 
be erent 
A-C INPUT ; Cj Co 
C+ 


Fig. 3.106(b). A simple power supply to provide vacuum-tube bias. 
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such a supply is negligible, so that small solid-state rectifiers and simple 
RC filters may be employed in a half-wave rectifier. 

(c) For a diagram of a voltage-divider bias scheme, see Fig. 3.106 
(c). In this bias scheme, the center-tap of the high-voltage secondary is 
returned to ground only through the low end of the bleeder resistor. 
This provides a negative d—c voltage with respect to ground, whose am- 
plitude is proportional to the percentage of the bleeder resistance tapped 
to ground. 


(d) For cathode bias, see Q. 3.50(a), above. 
D. See Q. 3,105. 


A-C INPUT A 


HIGH BIAS 


Fig. 3.106(c). Schematic showing how to obtain voltage-divider bias. 


Q. 3.107. Is grid-leak biasing practical in audio amplifier stages? 
A. Grid-leak biasing is not practical in audio amplifier stages. 


D. The value of grid-leak bias is proportional to the amplitude of the 
input-grid signal. This type of bias varies whenever the signal changes 
and thus the operating point of the tube also changes. This condition 
may cause severe distortion of the audio signal. In addition, the grid 
current required to produce grid-leak bias causes loading on the driver 
stage reducing its gain and causing additional waveform distortion. See 


also Q. 3.52(f), Q. 3.105, Q. 3.121, and Q. 3.122. 


Q. 3.108. Draw a diagram showing a method of obtaining grid bias 
for a filament type vacuum tube by use of resistance in the plate circuit 
of the tube. 


A. For the circuit diagram, see Fig. 3.108. 


D. This is actually a type of “cathode” bias scheme. Plate current 
flows from the plate, through the load resistor, through the battery, then 
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Fig. 3.108. Tube bias by series plate-return resistor. 


through the series RC network to the filament center tap. The drop 
across the RC network is such that a positive d-c voltage appears at the 
filament, providing the bias. 


Q. 3.109. Explain how you would determine the approximate value 
of cathode bias resistance necessary to provide correct grid bias for any 
particular amplifier. 


A. The bias is equal to the IR drop across the cathode resistance 
and is found by dividing the desired d-c bias voltage by the total dc, no- 
signal cathode current. 


D. For a triode the bias resistance will equal the d-c bias voltage div- 


ided by the no signal d-c plate current or Rr = i. where E, = d-c bias 
b1 
voltage as desired, and I,, is the no signal value of d-c plate current. 
For tetrode or pentode the screen current must be added to the plate 
current, giving: 


ome ve 
loi a0 ley 


Q. 3.110. Draw circuit diagrams and explain the operation (includ- 
ing input-output phase relationships, approximate practical voltage gain, 
approximate stage efficiency, uses, advantages, and limitations) of each 
of the following types of audio circuits. 

(a) Class A amplifier with cathode-resistor biasing. 

(b) Cathode-follower amplifier. 

(c) At least two types of phase inverters for feeding push-pull am- 
plifiers. 

(d) Cascaded Class A stages with a form of current feedback. 

(e) Two Class A amplifiers operated in parallel. 

(f) Class A push-pull amplifier. 


Pees 
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A. (a) Class A amplifier, with cathode-resistor biasing: 

(1) For diagram, see Figure 3.50(a). 

(2) For operation, see Q. 3.50. The. output wave is 180 degrees out 
of phase with the input wave. 

(3) The actual voltage gain which may be achieved depends upon 
the tube in use and the circuitry. An example of finding the voltage 
gain of a stage is given in Q. 3.58. 

(4) The approximate stage efficiency is 25 percent. 

(5) This type of amplifier may be used as an audio pre-amplifier, 
audio-intermediate amplifier, or final audio amplifier. It may also be 
_ used as a receiver r-f amplifier or i-f amplifier. It also has many uses. 
in various stages of different types of test equipment. 

(6) Advantages of this circuit are: 

1. Requires practically no grid driving power. 

2. Provides minimum distortion of the output waveform. 

3. Average plate current remains constant with or without an imput 
signal. 

4. Has a high power-amplification ratio. 

Limitations of this circuit are: ‘ 

1. Low plate circuit efficiency, usually about 25 percent. 

2. Plate current flows for 360 degree of each cycle (reducing efficiency). 

3. Low power output compared to class B or class C. 

(b) (1) For the diagram, see Fig. 3.50(d). 

(2) For operation and discussion of cathode-follower, see Q. 3.50, 
Answer (d). 

(3) The voltage gain is always less than one and depends upon the 
tube and circuitry in use. For the method of calculating gain, see Q. 3.50, 
Answer (d). 

(4) Plate circuit efficiency is not a factor in a cathode follower since 
the output is taken across the cathode circuit. However, for a class A- 
biased stage, the efficiency is comparable to a class A-biased conven- 
tional amplifier, or about 25 percent. 

(5) A cathode follower is most often used to drive a low-impedance 
device from a high-impedance input. It is frequently used to feed a low- 
impedance transmission line from a high-impedance source and is com- | 
monly used for this purpose in connection with pulse circuits. Because 
of its low-impedance output, its output is affected relatively little by the 
affects of shunt capacities of the load. It is sometimes used to feed a 
loudspeaker voice coil directly and thus eliminate the need for an output 
transformer. However, relatively high impedance voice coils are required 
(25-50 ohms) in this case. 

(6) The advantage of the cathode follower lies in the fact that it is 
a simple but highly effective impedance reducer. It also has a very wide 
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frequency response and passes narrow pulses without appreciable dis- 
tortion. Its only serious limitation is the fact that its voltage gain is 
always less than one. 

(c) Two types of phase inverters: These are covered one at a time, 
the first one discussed is the single tube (paraphase) amplifier. 

(1) For diagram, see Figure 3.110(cl). 

(2) As shown in the figure, one output is taken from the plate (in- 
verted) and one from the cathode (not inverted). In practice, Rx 1s 
made equal to Ry and equal outputs are thus obtained since the same 
current flows through both resistors. 

(3) The voltage gain of each output is always less than one because 
of the negative feedback across Rx. 


Cp OUTPUT 


eS alalpical =o 
Ck OUTPUT 
t—<" 


Fig. 3.110(c1). A simple method of supplying signals to 
double-ended audio amplifier without transformer. 


(4) Plate circuit efficiency is about 25 percent. 

(5) The paraphase amplifier is used to drive a push-pull amplifier 
from a single-ended input. 

(6) The advantage of this circuit is that it requires only a single tube, 
and has excellent frequency response. Its limitation is that it has no 
voltage gain. 

Note: The second type of phase inverter to be discussed below is 
called a cathode-coupled paraphase amplifier. | 

(1) For diagram, see Figure 3.110(c2). 

(2) Observe in the figure that the common cathode resistor Re is 
unbypassed and that the grid of Ve is grounded. Re is chosen so that 
the signal across it is equal to one-half of the V; grid-input signal. The 
effective signals applied to both tubes are equal since the Rg signal 1s 
degenerative for V;, but not for Vo. The output of Vj; is inverted with 
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Fig. 3.110(¢2). Schematic of a cathode-coupled paraphase 
inverter. 


respect to the input signal. However, the output of Ve is not because 
its input signal is applied to its cathode and not to the grid. 

(3) The voltage gain of each stage is equal to one-half of its normal 
gain because of the cathode signal action. For gain-calculation refer- 
ences, see part (a)(3) of this question. 

(4) The approximate plate efficiency of each tube is 25 percent. 

(5) The use of this amplifier is the same as for the paraphase am- 
plifier discussed above. 

(6) This circuit has the advantage of providing voltage gain at each 
plate and good frequency response. However, the frequency response is 
poorer than in the prior phase inverter and it has only one-half the gain 
provided by conventional amplifier circuits. 

(d) Cascaded class-A stages with current feedback. 

(1) For diagram of cascaded class-A stages, see Fig. 3.110(d). 


C3 


vi V2 0 OUTPUT 


Fig. 3.110(d). Simplified schematic of a two-stage audio amplifier 
employing current feedback in both stages. 
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(2) In practice, voltage feedback over two stages is generally pre- 
ferred, or a combination of voltage and current feedback may be found 
quite often. The circuit of Fig. 3.110(d) employs current feedback in 
both stages by virtue of the unbypassed cathode resistors. The polarity 
of signal at each cathode is the same as that appearing at its correspond- 
ing grid. Therefore degeneration (negative feedback) occurs in each 
stage. This is current feedback because the voltage at each cathode de- 
pends upon the plate current of each tube flowing through the individual 
cathode resistors (R2 and Rs). 

(3) The voltage gain of each stage is modified (reduced) by the 


negative feedback and may be found from the equation 


7 gs uRy 
(Tas 1) Rx trp + Ry, 
where A’ = Gain with feedback. 
a. = Amplification factor. 
Ry = Plate-load resistance. 
Rx = Cathode resistance. 
ry = Plate resistance (internal). 


(4) The approximate plate efficiency of each stage is 25 percent. 

(5) This type of amplifier may be used as intermediate audio-am- 
plifier stages in various types of audio systems, or as intermediate am- 
plifier stages in an oscilloscope, or other test equipment. 

(6) Advantages of this type of amplifier include; reduced distortion, 
improved frequency response, improved stability from regeneration or 
oscillation, reduction of hum and noise. The only serious limitation is 
the reduced gain. 

(e) Two class-A amplifiers operated in parallel. 

(1) For diagram, see Figure 3.110(e). 


(2) Operation is basically the same as for a single tube as discussed 


Fig. 3.110(e). Schematic diagram of two class-A amplifiers in parallel. 
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in part (a) of this question. However, in this case, the proper cathode 
bias depends upon the plate current of both tubes. Two tubes in parallel 
provide double the power output of one tube. Distortion remains the 
same as for one tube and the grid input voltage remains the same. The 
effective internal-plate resistance is half that of one tube and thus the 
required plate load impedance is cut in half. 

(3) The voltage gain is unchanged by the use of two tubes in parallel. 
However, this factor is seldom important since power output is the rea- 
son for paralleling the two tubes. 

(4) The approximate plate efficiency of each tube is 25 percent. 

(5) This type of amplifier, while not popular, may be used as an 
audio power-output amplifier. In general the push-pull type is preferred. 

(6) The principal advantage of this configuration is the elimination 
of the phase splitter required for push-pull operation. Limitations in- 
clude: double the d-c plate current requiring a special and expensive 
output transformer, no reduction in distortion as with push-pull opera- 
tion and the larger cathode by-pass capacitor required because of the 
half value of the cathode-bias resistor. 

(f) Class-A push-pull amplifier. 

(1) For diagram, see Figure 3.110(f). 


T2 


OUTPUT _ 


Fig. 3.110(f). Schematic diagram of a Class-A push-pull amplifier. 


(2) The proper inputs could be supplied from a phase inverter (see 
part (c) of this question), but is here provided by a center-tapped input 
transformer. The two grids are fed with signals which are 180 degrees 
out of phase. As a result, the plate signal currents (I, and I) are also 
180 degrees out of phase. However, these currents flow in opposite di- 
rections through the primary winding and so are additive in the sec- 
ondary winding. 

(3) Voltage gain is not a consideration here, but the power output 
is twice that for an amplifier using one of the same output tubes. 
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(4) The approximate plate efficiency of each tube is 25 percent. 

(5) The most common use of this amplifier is as the audio power- 
output stage feeding a loudspeaker. 

(6) Advantages of this circuit are: 

Cancellation of even harmonic distortion in the output. 

Reduction of hum. 

Reduction of regenerative feedback. 

Elimination of d-c core saturation, in output transformer. 

. Elimination of cathode by-pass capacitor. 

Elaborating: 

I. Even order harmonic currents flow out of phase in the out- 
put transformer and thus cancel. This does not apply to distortion 
created either before or after the push-pull stage. 

2. Hum currents are out of phase in the output transformer and 
return circuits and, therefore, cancel.’ ) 

3. There is no a-c signal current flowing through the plate supply 
and return circuits, and thus the tendency for regeneration in a multi- 
stage amplifier is reduced. 

4. The d-c plate currents in the output transformer flow in opposite 
directions creating opposing magnetic fields which cancel. This enables 
the size of the iron core to be made much smaller for a given power 
rating. 

5. The fundamental a-c signal components flow in opposite direc- 
tions through the cathode resistor and cancel. Thus no by-passing is 
theoretically needed. However, a bypass capacitor is often included to 
compensate for unbalance in the tubes and for heater to cathode 
leakage. 


SS Senet tia 


Limitations of this circuit are: 

1. The need to supply out-of-phase grid signals, and matched tubes 
and transformer windings for best results. 

2. Bias controls may be required to assure perfect balancing. 


Q. 3.111. Why does a class-B audio frequency amplifier stage re- 
quire considerably greater driving power than a class-A amplifier? 


A. A class B audio amplifier stage usually operates with a value of 
grid input signal sufficient te drive the grid positive with respect to 
the cathode, on the positive peaks of the signal. Thus grid current 
exists for these positive peaks and appreciable power is dissipated 
in the grid circuit. The usual class A amplifier does not Operate in 
the grid current region, and, therefore, requires an insignificant amount 
of grid driving power. 


D. As with most power tubes, it is required that the input grid im- 
pedance be kept low, especially where grid current exists. A transformer 
is generally used to couple into the grid circuit of the push-pull class B 
tubes. The turns ratio of this transformer must be correct so that the 
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proper load impedance will be reflected back into the primary of the 
driver tube (or tubes). A well-regulated power supply is needed to sup- 
ply the class B tubes because the average plate current varies in propor- 
tion to the grid signal. 


Q. 3.112. Show by use of circuit diagrams two ways of using single- 
ended stages to drive a push-pull output stage. 


A. (1) A paraphase amplifier, shown in Fig. 3.110(cl), is one 
method. The operation of this circuit is discussed in Q. 3.110(c). 

(2) A second type of phase inverter is shown in Figure 3.112. The 
_ voltage divider has a ratic equal to the voltage gain of Vj. 


VOLTAGE 
DIVIDER 


Fig. 3.112. Single-ended stages arranged to drive a push-pull 
output Stage. 


Because of this relationship, the signal output of V, is divided by its 
gain factor. The inverted output-signal amplitude from the voltage-divider 
is equal to the input-signal amplitude of V;. The voltage-divider output 
is applied to the grid of V2 and since V; and Vs» have equal gains, the 
output signals from V, and V2 have equal amplitudes, but opposite 


phases. 


Q. 3.113. Draw circuit diagrams and explain the operation of two 
commonly used tone control circuits and explain their operation. 


A. See Figures 3.113(a) and 3.113(b). 
(a) In the circuit of Figure 3.113(a) the tone-control elements are 
Cr and Ry. This is a very simple, but popular, circuit and provides 
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high-frequency attenuation only. When the slider of Ry is at the top, 
Cy is fully effective in bypassing the higher audio frequencies. When 
Ry is at the bottom end (maximum series resistance), the effect of Cp 
is nullified and all high audio frequencies are passed to the grid of the 
tube. 

(b) The circuit of Figure 3.113(b) is more complex and provides 
both bass and treble attenuation. When C, goes to the grid side of Rae, 
low frequencies are attenuated by the effect of the series reactance of Cj, 
but this effect is limited by the bypass effect of Ry. When C, is at the 
ground end of Re high frequencies are attenuated by the bypass effect 
to ground of C). 


C 
INPUTO—| 


Rg 


(b) 


Fig. 3.113(a) and (b). Schematics of two commonly used 
tone-control circuits. 


Q. 3.114. Name some causes of hum and self-oscillation in audio am- 
plifiers and the methods of reducing it. 


A. (a) Hum may be caused by: 

(1) Heater-to-cathode tube leakage. The tube must be replaced to 
cure this. 

(2) Filament-wire radiation. When the two wires are twisted together 
in close proximity, the hum radiation is largely cancelled. The reason 
for this is that the two wires are carrying currents in opposite directions 
and thus the magnetic fields will oppose and cancel out to a large degree. 


156 Radio Operator’s License Q and A 


(3) Open-grid circuit. The high-impedance grid is susceptible to hum- 
radiation pickup. The cure is obvious. 

(4) Faulty filter capacitor (or resistor or choke) in the power supply 
filter feeding the amplifier. Again, the cure is obvious. 

(5) Hum pickup from a power transformer due to its inadequate 
shielding or its close proximity to a high gain stage. This may be cor- 
rected by replacing the transformer or by proper shielding of the tube(s) 
involved and their input (grid) leads. Proper dress of the input leads 
may also be effective in reducing hum pickup. 

(6) Hum may be reduced by the use of a push-pull amplifier. See 
Q. 3.110(£) for a discussion of this procedure. 

(7) High-gain amplifiers, e.g., the pre-amplifier for a stereophonic au- 
dio amplifier, are more susceptible to hum pickup problems than are 
low-gain amplifiers. In such cases, it is common to feed the filaments of 
such stages with well-filtered d-c voltage. This reduces the heater-to- 
cathode hum pickup problem as well as reducing hum radiation from 
the filament wires. 

(b) Self-oscillation may be caused by the following: 

1. Open grid resistor (when amplifier draws grid current). © 

2. Coupling circuit time constant too long (when amplifier draws 
grid current). 

3. Output power supply filter capacitor too small, or defective. 

4. Decoupling filter(s) defective. 

5. Output of one high-gain stage feeding back to the grid circuit of a 
prior high-gain stage. This can be prevented by isolating the input grid 
from output-plate circuits, and by shielding the tubes (and whole stages 
where necessary). Proper layout of the amplifier stages will provide phys- 
ical separation of stages which might create oscillation problems. 


D. Self-oscillation is an oscillation which is generally of the relaxa- 
tion type when coupling elements are involved. If the output impedance 
of the power supply is relatively large and decoupling filters are not 
used, it represents a common impedance coupling element between the 


various amplifier stages and thus affords a means for feedback to sus- 
tain oscillations. See Question 3.102. 


Q. 3.115. What factors should be taken into consideration when or- 
dering a Class-A audio-output transformer; a Class-B audio-output trans- 
former feeding a speaker of known ohmic value? 


A. (a) Some important considerations when ordering a Class-A, au- 
dio-output transformer are: 

(1) Operating power level in watts, including peak-power level ex- 
pected. 

(2) Turns ratio to match speaker voice coil to the output tube(s). 
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(3) Single ended or push-pull power output stage. 

(4) Frequency response under normal power-output conditions. 

(5) Harmonic distortion at the lowest frequency involved and at the 
maximum-output power. 

(6) Direct current in primary winding(s). 

(7) Adequate magnetic and electrostatic shielding. 

(8) Source impedance and load impedance. 

(b) Important considerations for a Class-B output transformer are 
the same as for Class-A (above) with one added consideration. Since 
the plate currents flow intermittently (180 degrees) in each tube, it is 
essential that the leakage inductance between both halves of the primary 
windings be very small. If this is not true, transients will be produced 
in the primaries, that may produce severe distortion. 


Q. 3.116. Draw a diagram of a single-button carbon microphone cir- 
cuit, including the microphone transformer and source of power. 


A. For the diagram, see Fig. 3.116. 


MICROPHONE 
TRANSFORMER 


CARBON 


TO AUDI 
MICROPHONE es 


AMPLIFIER 


Fig. 3,116. Single-button microphone connection. 


D. The “carbon-button” microphone depends for its operation upon 
the characteristics of a pile of carbon granules when subjected to vary- 
ing pressures. The carbon button proper consists of a small cup com- 
pletely filled with very fine carbon granules. A tightly stretched dur- 
alumin diaphragm is attached to the carbon button (or buttons) in 
such a way that sound vibrations cause varying pressures upon the 
button. The resistance of the carbon button varies in proportion to the 
pressures upon it. A battery supply is connected in series with the 
button and a resistance (or transformer primary), so that variations in 
resistance will cause corresponding variations in the output current from 
the button. These varying currents will be proportional to the character 
of the sound waves producing them. The frequency response of a 
broadcast type is inferior to most other types of microphones, and is 
in the order of 70 to 6000 hertz. The carbon microphone is no longer 
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in general use because, although it has very high sensitivity, it has a 
number of serious disadvantages. These are: (1) it is sensitive to vibra- 
tion, (2) it cannot be handled while in use, (3) it generates a hissing 
sound in its output, (4) the carbon granules in the buttons are subject 
to “packing,” (5) it requires a battery power supply for operation. Car- 
bon microphones are used wherever high output voltages with restricted 
frequency response characteristics are desired. A typical example is the 
use of carbon microphones in aircraft radio transmitters and in other 
mobile equipment. 


Q. 3.117. If low-impedance head telephones of the order of 75 ohms 
are to be connected to the output of a vacuum tube amplifier, how may 
this be done to permit most satisfactory operation? 


A. Low-impedance head telephones may be satisfactorily coupled to 
an amplifier tube by the use of an impedance matching transformer. 


D. In order to achieve maximum output with tolerable distortion it 
is necessary that a certain value of plate load impedance be presented to 
the amplifier tube. An impedance of 75 ohms will not be satis. 
factory as a plate load with any of the common types of tubes. There- 
fore, it is necessary for the tube to work into its proper load impedance 
and for the phones to work into their proper impedance which is 75 
ohms. This is accomplished by making use of the impedance reflecting 
properties of a transformer. If the load across the secondary of the 
transformer is 75 ohms, then the primary impedance is found by Z, 
= Z,XN?*. Thus if the turns ratio, which is equal to the voltage ratio, 
is 10 to 1, the primary impedance will be 75102 or 7500 ohms. If it 
is desired to find the turns ratio the following formula is applied: N = 


Z; 
J ae where N is the turns ratio, Z» is the correct plate load im- 
p 


pedance and Z, is the impedance of the driven device (headphones), 

Another way of using the 75-ohm phones without a transformer is to 
connect them as a cathode bias resistor in the output stage. In this case, 
the B+ goes directly to the plate, and there is no cathode by-pass ca- 
pacitor. This is the cathode-follower connection, useful for feeding low 
impedance loads and to reduce distortion. 


Q. 3.118. Describe the construction and explain the operation of a 
“crystal” type microphone; a “carbon button” microphone. 


A. (a) For sketch of a crystal microphone, see Pig. 4.1/0e% 

A “crystal” microphone depends for its operation upon the piezo- 
electric effect of a suitable crystalline material. Rochelle salts are most 
commonly used for this purpose in the crystal microphone. The crystal 
proper is made up of a number of crystal cells arranged so as to increase 
the sensitivity of the unit. One such unit consists of two crystal elements 
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so arranged as to operate in phase when sound vibrations are present, 
but to generate out of phase potentials when subjected to shock or 
mechanical vibration. The entire crystal unit is impregnated in wax 
and enclosed in an airtight chamber. This enclosure, however, does not 
prevent the crystal from vibrating and thus generating emf’s propor- 
tional to the sound wave components. The sound vibrations are trans- 
mitted to the crystal unit by means of a conical duralumin diaphragm 
either directly or by means of a resilient, intermediate member. The 
microphone has a flat frequency response over the entire audio range. 
It is lightweight, reasonably rugged, easily maintained, and requires 
no power supply. It has a high-impedance output, is non-directional, 
and has no inherent background noise level. The microphone should 
be protected against excessive humidity, as Rochelle salts are soluble in 
water. The wax impregnation of the crystal element is, however, highly 
efficient in protecting the crystal against moisture. See also Q. 4.17(c). 

(b) For sketch of a single-button carbon microphone, see Fig. 4.17(d). 
For its operation, see Q. 3.116. 


D. For a discussion of several types of microphones, and their con- 
struction, see Q. 4.17. 


Q. 3.119. What precaution should be observed when using and stor- 
ing crystal microphones? 


A. The microphone should be protected against excessive heat, shock 
and humidity. 


D. See Q. 3.118. 


RADIO-FREQUENCY AMPLIFIERS 


Q. 3.120. What is an RFC? Why are they used? 


A. In general, an r-f choke acts as a low-pass filter which permits 
the passage of d-c and low frequency components but prevents the 
passage of radio frequencies. 


D. Chokes are often used to prevent radio frequencies from entering 
the power supply. They are also used as coupling elements, to help 
maintain the Q of tank circuits, as in a crystal oscillator, and sometimes 
as tuning elements, as in a Pierce oscillator. 


Q. 3.121. What are the advantages of using a resistor in series with 
the cathode of a Class-C radio-frequency amplifier tube to provide bias? 


A. If the exciting signal to a Class-C radio-frequency amplifier, using 
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grid-leak bias only, is interrupted for any reason the bias will be reduced 
to zero and excessive d—c plate current will flow; usually with disastrous 
results. If at least a portion of the total bias is obtained from a resistor 
in series with the cathode, the bias will not be reduced to zero because 
the d-c plate current, flowing through the cathode resistor, will still pro- 
vide some bias. 


I). This remaining bias can be made just sufficient to allow no more 
than the maximum allowable plate dissipation to occur under the dc 
conditions of no excitation. For example, consider a type 833-A triode 
being used as a Class-C r-f amplifier with a plate voltage of 2500 volts. 
The maximum allowable plate dissipation for this tube is 300 watts. 
Under no-excitation conditions, all of the plate power input is converted 
to plate dissipation which, in this case, will reach the maximum allow- 
able when the d-c plate current is 120 milliamperes. Reference to the 
characteristic curves for the tube will indicate that approximately —40 
volts grid bias will produce a d-c plate current of 120 mA. Using 
Ohm's Law, the value of resistance to be used is found to be 40 /0.120 
or 333 ohms. 

If the total grid bias recommended is —300 volts, the remaining 260 
volts can be obtained in the usual manner by means of a grid leak. 


Q. 3.122. What is the difference between r-f voltage amplifiers and 
r-f power amplifiers in regards to applied bias? What type of tube is 
generally employed in r-f voltage amplifiers? 


A. (a) Usually an r-f voltage amplifier is operated as a Class-A am- 
plifier, whereas an r-f power amplifier is operated as either a Class-B 
or Class-C amplifier. Therefore, an r-f voltage amplifier would normally 
use a bias that is approximately midway between zero and the cut-off 
bias for the value of plate voltage employed. For a Class-B power am- 
plifier the bias would be approximately equal to the cut-off bias and for 
a Class-C power amplifier the bias would be in the order of twice cut-off 
bias. 

(b) As power amplification. is not required of r-f voltage amplifiers, 
receiving type tubes are normally used for this function. Commonly, 
these are pentodes, although triodes are sometimes used under special 
circumstances. 


Q. 3.123. Draw schematic diagrams of the following circuits and 
give some possible reasons for their use. 

(a) Link coupling between a final r-f stage and an antenna. (Include 
a low pass filter.) 

(b) Capacitive coupling between an oscillator stage and a buffer am- 
plifier. 

(c) A method of coupling a final stage to a quarter-wave Marconi 
antenna other than link or transmission line. 
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A. (a) Link coupling between a final r-f stage and an antenna is 
most useful when the antenna is located remotely from the transmitter 
building as is the case in most broadcast stations. This permits placing 
both the building and the antenna in the most advantageous physical 
locations, Figure 3.123(a), illustrates the pertinent details of the system. 


LOW PASS Y 
LOW IMPEDANCE 
FILTER TRANSMISSION LINE 
pelo.) 
de = 


Fig. 3.123(a). Link coupling between a final r-f stage 
and an antenna. 


(b) Capacitive coupling between an oscillator and its buffer amplifier 
is a very simple and easily adjustable method. For greater coupling, the 
tap on the tank coil of the oscillator may be moved closer to the plate 
end of the coil. Figure 3.123(b), illustrates the basic scheme for this type 
of coupling. 


OSCILLATOR BUFFER 


Fig. 3.123(b). Capacitive coupling between an oscillator 
stage and a buffer amplifier. 


(c) For shipboard installations where the intermediate frequency 
ranges are used, the antenna’s physical size is such that the connections 
to it from the transmitter necessarily are part of the complete antenna 
system. In such circumstances, the antenna downlead, which is a portion 
of the antenna itself, is connected directly to the transmitter output ter- 
minals. The diagrams given in Fig. 3.123(c) (1 and 2) illustrate two 
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Fig. 3.123(c). Methods of coupling the r-f output ofa 


transmitter to an antenna. 


methods for accomplishing this. It-should be noted that all parts shown 
in the diagrams are included inside the transmitter enclosure and just 
the antenna and ground connections are made to the transmitter. 


Q. 3.124. Draw a schematic diagram of a grounded-grid r-f am- 
plifier and explain its operation. 


A. For the diagram, see Fig. 3.124. As shown in the figure, the grid 
is grounded and the input signal is applied to the cathode circuit. 

In some circuits, bias is applied to the grid circuit either by a fixed- 
bias supply, or by means of a grid-leak resistor and grid capacitor con- 
nected in parallel from grid to ground. In the latter arrangement, the 
grid is “grounded” for signal by means of a capacitor, but is not 
grounded for d-c. The filament chokes prevent bypassing through the 
filament transformer capacity to ground of the input signal through 
the cathode-to-flament capacity. The output signal is taken from the 
plate circuit in the same manner as in a grounded-cathode amplifier. 
However, since the input voltage is in series with the external load im- 
pedance, this signal contains an additional component consisting of the 
input energy (see discussion below). 


D. For an extensive discussion of grounded grid amplifiers see Q. 
3.50(c). 

Grounded grid amplifiers are sometimes used at very high frequencies 
because it is often possible to utilize triode tubes without the necessity for 
neutralization. In the grounded-grid amplifier the feedback capacitance 
is not the plate-grid capacitance, but is the much smaller plate-cathode 
capacitance. This smaller capacitance is less likely to cause oscillations, 
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RFC 


R-F INPUT 


C+7uc- 


Fig. 3.124. A grounded grid amplifier. 


even at extremely high frequencies when special triodes (lighthouse 


type) are used. See also Q. 3.63 and Q. 3.64. 


Q. 3.125. Explain the principle involved in neutralizing an r-f stage. 


A. The purpose of neutralization in a radio-frequency amplifier is 
to prevent the amplifier from generating self-sustained oscillations. With- 
out neutralization but with the tuned transformers customarily used, 
the circuit usually will act as a tuned-plate tuned-grid oscillator. Three 
common methods of neutralization are known as: (1) Hazeltine or plate 
neutralization, (2) Rice or grid neutralization, (3) Cross neutralization 
or push-pull neutralization. 


D. Conventional triode r-f amplifiers with both plate and grid cir- 
cuits tuned to the same frequency invariably require neutralization. The 
reason for this is obvious when the r-f amplifier of Figure 4.46(a) is 
compared with the diagram of a tuned-grid tuned-plate oscillator as 
shown in Figure 3.86(b). Except for the neutralization connections, the 
two circuits are identical. Feedback through C,, will cause the circuit 
to oscillate. If the amplifier is permitted to oscillate, there will be sev- 
eral undesirable effects: (1) Excessive plate current, (2) Overheating 
with possible burnout of tube, (3) Possible damage to circuit parts, 
such as meters, r-f chokes, etc., (4) Generation of spurious frequencies, 
(5) Distortion of a modulated wave (if this stage is modulated) during 
peaks of modulation. Since the tendency to oscillate is caused by an r-f 
voltage applied through C,, to the grid, in phase with the original grid 
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voltage, then a bucking voltage must be provided which is equal in 
amplitude and opposite in phase to the feedback through C,,. The 
means of providing for such a bucking voltage is to tap the lower end 
of the plate tank circuit and feed this new voltage into the grid cir- 
cuit. (1) A schematic diagram and the equivalent bridge circuit of a 
plate-neutralized amplifier are shown in Figures 3.125(a) and (b). 


Cgp 


-) 


Fig. 3.125(a). Schematic diagram of a plate-neutralized 
amplifier. 


The currents flowing into the input circuit through C,, tend to cause 
oscillation. This effect is cancelled by opposing currents fed back to 
the input circuit through C,,. If the bridge is properly balanced (by ad- 
justing C,), no oscillations can appear in the output circuit. The rela- 


ep Cy 


tionship for balance is: —“— 


Cy OUTPUT 


| 
ke—— iInPUT —— 


Fig. 3.125(b). Equivalent bridge circuit of a plate- 
neutralized amplifier. 
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(2) The schematic diagram and the equivalent bridge circuit of a 
grid-neutralized r-f amplifier are illustrated in Figures 3.125(c) and 
(d). This circuit operates in a manner similar to the plate neutralized 


C, 


L 
system. For a balance, —~— , as before. 


f Ly Ke Ci 


Fig. 3.125(c). Schematic diagram of a grid-neutralized 
amplifier. 


INPUT C PLATE 


#——————— OUTPUT ———> 


Fig. 3.125(d). Equivalent bridge circuit of a grid- 
neutralized amplifier. 


(3) Push-pull neutralization does not require the addition of any 
special circuits other than the neutralizing capacitor, a schematic dia- 
gram is shown in Figure 3.125(e). It can be considered to be a 
form of plate neutralization. Advantage is taken of the fact that the 
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voltages on the two sides of a push-pull amplifier are of opposite polar- 
ity, and thus automatically provide the correct phase relations for neu- 
tralizing. 


Fig. 3.125(e). Amplifier employing push-pull neutralization. 


Q. 3.126. State some indications of, and methods of testing for, the 
presence of parasitic oscillations in a transmitter. 


A. (a) Parasitic oscillations may be indicated by one or more of the 
following: 


(1) Generation of spurious frequencies (carrier). 

(2) Generation of spurious sideband frequencies during modulation. 

(3) Distortion of the modulated wave. 

(4) Overheating of the amplifier tube. 

(5) Reduced efficiency of the amplifier tube at the desired frequency 
or frequencies. 

(6) Change of bias (grid leak). 

(7) High or erratic plate or grid-current readings. 

(8) Unstable operation of an amplifier stage (or stages). 

(9) Abnormal tuning characteristics of a stage (or stages). 

(b) Some methods of testing for the existence of such Parasitics are 
as follows: 


(1) Using a radio receiver or sensitive wavemeter to explore the fre- 
quency spectra on either side of the desired operating frequency during 
both modulated and unmodulated conditions. Parasitic oscillations will 
show up as extra frequencies produced in addition to the desired oper- 
ating frequency. 
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(2) Observing the modulation envelope, preferably using a trape- 
zoidal pattern, with an oscilloscope with and without constant tone 
modulation. The presence of parasitics will cause unexplained nonline- 
arities, the degree of which will vary with differing percentages of 
modulation. 

(3) Measuring the efficiency of the amplifier tube at the operating 
frequency. If the tube is operating with rated dissipation and power 
input, but the output at the operating efficiency is too low, the “missing” 
power output represents power output at a parasitic frequency. 

(4) Checking for the overheating of one or more amplifier compo- 
nents. The radio frequency chokes and bypass capacitors are especially 
suspect. 


La ce .. 3,92. 
Q. 3.127. Draw a circuit diagram of a push-pull (triode) final power 


amplifier with transmission line feed to a shunt-fed quarter-wave an- 
tenna and indicate a method of plate neutralization. 


A. For the diagram, see Fig. 3.127. 


D.- For a discussion of transmission line feed, see Q. 3.214; for shunt 
feed, see Q. 3.209(b); and for push-pull neutralization, see Q. 3.125 and 


Q. 4.46(a). 


\ 

ANTENNA TOWER (2) \ ; 
¢ 

\B 


FOR MATCHING 
IMPEDANCE 


Fig. 3.127. Neutralized push-pull final amplifier; transmission-line 
fed to a shunt-fed quarter-wave antenna. 


Q. 3.128. Explain, step-by-step, at least one procedure for neutral- 
izing an r-f amplifier stage. 


A. Two procedures for neutralizing an r-f amplifier stage are as 
follows: 


168 ~ 


be ta) 


(b) 
(c) 
(d) 
(e) 


eta) 


(b) 


(c) 


(d) 


(e) 


(£) 
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Remove the plate (and screen) voltage from the stage being 
tested, but keep filaments lit and grid excitation present. The 
plate voltage should be removed in order to make the ampli- 
fier inoperative. If the amplifier were in the process of being 
neutralized and the plate voltage were not removed, it would 
be extremely difficult to determine when neutralization had 
taken place, since with grid excitation present there would 
always be r-f in the plate tank circuit. The danger of self- 
oscillations damaging the tube before neutralization is com- 
pleted is another important factor. 

If not already present, insert a d-c milliammeter of suitable 
range into the grid circuit of the amplifier under test. 
Vary the tuning of the plate tank circuit while observing 
the grid current meter. | 

If sharp variations of grid current are observed while so 
tuning, the stage is not properly neutralized. 

Adjust neutralizing capacitor until variations in grid cur- 
rent cease during plate tank tuning. 


This method requires the use of a suitable r-f indicator 
which may be a neon bulb, a small flashlight bulb with 
a leop of wire attached, a sensitive wavemeter, a sensitive 
thermocouple meter with a loop of wire attached, or any 
other suitable indicator. 

Remove the plate (and screen) voltages from the stage 
being tested, but keep filaments lit and grid excitation 
present. (See 1.(a) above.) 

With any of the indicators mentioned above (a), test for 
the presence of oscillations in the plate tank while tuning 
the tank capacitor through its range. 

While performing the above (c), the grid circuit should be 
tuned for the maximum grid current, and the preceding 
plate circuit tuned for maximum drive, indicated by maxi- 
mum grid current. 

If oscillations are present in the plate tank circuit, adjust 


the neutralizing capacitor until they vanish or are at a 
minimum. 


After a minimum indication has been reached, the driver 
and grid tanks should be retuned for maximum grid cur- 
rent and the neutralizing procedure repeated. 


D. After the neutralizing procedure has been completed couple the 
load to the output of the amplifier (if not already coupled) and apply 
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reduced plate and screen grid voltages to the neutralized stage. Tune 
the plate tank to resonance (as shown by a minimum plate current indi- 
cation). Then apply normal voltages and readjust the plate tank for 
resonance. (See also Q. 3.125.) 


Q. 3.129. Draw a circuit diagram of a push-push frequency multi- 
plier and explain its principle of operation. 


A. For the diagram, see Fig. 3.129. As shown in the diagram, the 
plates are connected in parallel. Also, the plate tank circuit is tuned to 
twice the frequency (second harmonic) of the grid-tank circuit. The 
plate circuit thus completes two cycles to every cycle of the grid circuit. 
However, because of the “push-push” connection the plate tank receives 
a pulse of current for each of its two cycles. When the grid of Vj is 
positive it provides a pulse of current to the plate tank. One-half cycle 
of the input wave later, the grid of Ve is positive and it provides a pulse 
of current to the plate tank for the second cycle occurring at this time. 


Fig. 3.129 A push-push frequency multiplier. 


D. In the case of a single-tube frequency doubler (see Q. 3.131 and 
Q. 3.132), the plate efficiency is about 50°% and the power output is about 
70°%, compared to a conventional class C amplifier. The reason for this 
is that plate current energy is supplied to the plate-tank circuit only 
every other cycle. For a tripler, energy is supplied only on every third 
cycle and the power output capability is further reduced. Thus, reduc- 
tion of power output and plate efficiency becomes increasingly severe as 
higher orders of frequency multiplication are attempted. As a result, fre- 
quency multipliers in transmitters are generally limited to doublers and 
triplers. Another factor to be considered in relation to the degree of 
multiplication is the stability of the output wave. For a single tube 
tripler, the tank circuit is “running free” for two out of three cycles 
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and is not under control of the stable driving ( usually crystal) oscillator. 
A tank circuit with a high Q is required to maintain a stable frequency 
during the “free-running” time. However, if too great a frequency mul- 
tiplication is attempted, frequency instability may result due to phase or 
frequency changes of the “free-running” cycles. To improve the efficiency 
of frequency multipliers, “push-push” circuits are used as frequency 
doublers (even-order harmonics), and “push-pull” circuits are used as 
frequency triplers (odd-order harmonics). 


Q. 3.130. Push-pull frequency multipliers normally produce what 
order of harmonics; even or odd? 


A. Since the push-pull amplifier has been especially designed to re- - 
duce or eliminate all even-order harmonics, it follows that such an am- 
plifier when used as a frequency multiplier will operate successfully only 
on odd-order harmonics. 


D. See Q. 3.129, Q. 3.131 and Q. 3.132. 


Q. 3.131. Draw a schematic diagram and explain the operation of a 
harmonic generator stage. 


A. For the diagram see Fig. 3.131. 

A pure sine wave contains only one frequency, the fundamental. 
However, any distortion of the sine wave indicates the presence of other 
frequencies, which are multiples of the fundamental and are called har- 
monics. Thus any amplifier which distorts the input wave is actually 
a harmonic generator. The desired harmonic may be selected with a 
suitable resonant circuit. In a frequency doubler the grid tank is tuned 
to the fundamental while the plate tank is tuned to the second har- 
monic. In triodes the grid bias for most efficient doubling is 10 times 
cut-off value, with a plate efficiency of 50°, a relative power output 
(compared to ordinary class C amplifier) of 70°/, and a plate current 
pulse length of 90°. 

For a triode tripler, the grid bias is 20 times cut-off, plate efficiency 
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Fig. 3.131. An r-f doubler stage. 
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of 50°, relative power output of 36°/, and a plate current pulse length 
of 75°. 


Due to the high bias, very large values of grid excitation voltages 
must be used. 


D. From a practical consideration, a doubler is most often used in 
connection with crystal oscillators. The high frequency limitations of 
quartz crystals are due to the fact that the crystal plate becomes thinner 
as its resonant frequency is increased. Thus it becomes extremely fra- 
gile and easily subject to overheating and cracking. To overcome this 
important limitation, the crystal frequency is kept relatively low, usually 
under 20 megahertz, and the crystal oscillator may be followed by one 
or a series of doublers to increase the output frequency. 

In addition to the triode harmonic generators, beam-power pentodes 
are also commonly used. Because of its high transconductance, a beam- 
power tube may deliver a high harmonic content output with a rela- 
tively low driving signal. It should be noted that in general, frequency 
multipliers do not require neutralization (see Q. 3.128). This is so be- 
- cause the plate and grid circuits are tuned to widely differing frequen- 
cies and the feedback from plate-to-grid circuits is not of the phase 
necessary to sustain oscillations. 


Q. 3.132. What class of amplifier is appropriate to use in a radio fre- 
quency doubler stage? 


A. A Class C amplifier. 
D. See Q. 3.131. See also Q, 3.129 and Q. 3.130. 


Q. 3.133. Describe some factors in connection with the following 
items, which should be considered at VHF and above but would not be 
of particular concern at MF or below. 

(a) Wire diameter and length. 

(b) Wiring configuration (placement and bending). 

(c) Coaxial cables and transmission lines. 


(d) Capacitor types. 


A. (a) To minimize the self-inductance of wires carrying VHF 
currents it is necessary to use conductors that are as short as possible 
and with as large a diameter as feasible. The diameter, however, should 
not be increased to the extent of appreciably increasing the capacitance 
of such conductors to ground or other conductors. 

(b) Wiring configuration should be such that each conductor is sep- 
arated by as great a distance from other conductors and ground as pos- 
sible to minimize any distributed capacitances. 

Any bends in the conductors should be minimum in number and of 
a maximum in radius as possible within the physical confines of the 
space available. This is to minimize the self-inductance of such con- 
ductors. 
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(c) The insulation of coaxial cables and transmission lines should be 
of a material having the lowest possible dielectric losses. Certain mate- 
rials exhibit negligible losses at MF but have substantial losses at VHF. 
Insofar as is possible, such cables and lines should be air insulated. 
Where physical support is required, the number of such supports should 
be as few as possible. If standing waves are normally present on such 
cables and lines, it is important that insulating supports only be located 
at points of minimum voltage. 

(d) Variable capacitors used in VHF service should be air insulated, 
using a minimum of solid dielectric for supporting the capacitor plates. 
Such dielectric that is used should have as small a dielectric loss as Ppos- 
sible. Fixed capacitors should have low loss dielectrics, such as mica or 
ceramic. 3 


D. At low r-f frequencies only the capacitance of a capacitor is con- 
sidered and any inductive effects are usually discounted. However, at 
VHF and above, the inductance of a capacitor may represent an appreci- 
able reactance and will modify the performance of the capacitor. At 
such frequencies the capacitor may represent a resonant circuit. In fact. 
in certain by-pass applications at VHF a capacitor may be chosen that is 
series-resonant at the operating frequency, thus offering minimum im- 
pedance to ground. Of course, at frequencies differing substantially from | 
resonance, the capacitor may act as a fairly high value of either inductive 
or capacitive reactance. Thus, so-called “bypass” capacitors, under some 
conditions may not “bypass” at all and may function as a high im- 
pedance instead. In the usual case, capacitors used at VHF and above 
are constructed to have an exceedingly low value of self inductance, so 
that at the operating frequency, the inductive element can be neglected 
and the very-low value of capacitive reactance is the dominating factor. 
Typical of these are the “button” ceramic and “feed-through” coaxial- 
ceramic types, which are widely used in VHF transmitters and receivers. 
These are made in very small physical sizes with extremely low induc- 
tances and act as efficient coupling, bypass or r-f filter capacitors. 


TRANSMITTERS 


Q. 3.134. Discuss the following items with respect to their harmonic 
attenuating properties as possibly used in a transmitter or receiver. 

(a) Link coupling 

(b) Tuned circuits 

(c) Degree of coupling 

(d) Bias voltage 

(e) Decoupling circuits 

(f) Shielding 
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A. (a) Link coupling has, to a small degree, some attenuating prop- 
erties for harmonics due to the relatively high capacitance of the low 
impedance transmission line connecting the two coupling coils. The ca- 
pacitance will offer decreasing reactance as the frequencies increase 
and thus tend to bypass harmonics to a greater extent than the funda- 
mental frequency. 

A low impedance coaxial-transmission line with a grounded outer con- 
ductor is often used, and harmonics tend to be bypassed to ground to a 
considerably greater extent than the fundamental frequency. Another 
reason link coupling discriminates against harmonics is the reduction of 
capacitive coupling between the coils. Harmonics are coupled more 
readily through capacitive coupling (because of reduced reactance) than 
the fundamental frequency. The use of physically small link coils re- 
duces capacitive coupling between the resonant circuits and the link coils 
to a greater extent than if two resonant circuits were inductively (or 
capacitively) coupled. 

(b) Tuned circuits, resonant to the fundamental frequency, discrimi- 
nate against harmonic frequencies to a remarkable degree. This discrimi- 
nation, and hence harmonic attenuation, is a function of the Q of the 
tuned circuits and it is therefore desirable to have as high a Q as prac- 
tical, if harmonic reduction is a prime consideration. 

(c) In coupled-tuned circuits it is best to use loose coupling to achieve 
harmonic attenuation. The effect of such loose coupling is to “sharpen” 
the frequency response curve of the coupled circuits and increase the 
operating Qs of each of the tuned circuits. Not only is the Q increased 
but, as discussed in (a) above, the capacitive coupling between the two 
tuned circuits is reduced, decreasing harmonic transfer between the tuned 
circuits. 

(d) Bias voltage in class-A, class-B, and class-B linear r-f am- 
plifiers is extremely important from the standpoint of the reduction of 
harmonic generation. If the bias is incorrect in these amplifiers, a dis- 
torted output is obtained and harmonics of the input signal therefore 
appear. It should be noted, however, that already existing harmonics in 
the input signal will appear in the output undiminished and therefore 
the correct bias will not aid in the attenuation of such harmonics. Any 
harmonic attenuation in these amplifiers will be due to the action of 
the tuned circuits only. 

(ce) Since decoupling circuits are employed to reduce or eliminate 
positive feedback in multi-stage amplifiers, distortion in such amplifiers 
is reduced and, therefore, the generation of harmonics is reduced. How- 
ever, if harmonics are present in the input signal, harmonics will appear 
in the output to the same degree despite the use of decoupling circuits. 
If the amplifiers are tuned, any harmonic attenuation will be due to the 
tuned circuits only. 
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(f) Shielding, when properly used, can be very effective in harmonic 
attenuation; especially when used as electrostatic or Faraday shields be- 
tween coupled tuned circuits. Used in this manner, the shields drastically 
reduce the capacitive coupling between such circuits and thus reduce the 
transfer of harmonic energy from one circuit to the other. 


D. (a) For the diagram of one type of link coupling see Fig. 
3.123(a). See also Q. 3.168(b) for another type of link coupling. 

“Link coupling” is a low impedance transmission line method of 
coupling together two circuits which may be separated by a relatively 
large distance. It may be considered to be a step-down transformer and 
a step-up transformer interconnected. A link system consists of a very 
few turns of wire which is coupled to the low impedance point of a tank 
circuit, then connected to a length of low impedance transmission line 
and terminated by another few turns which is again coupled to the low 
impedance point of the antenna matching circuit, The amplifier low 
impedance point is that point to which the r-f bypass capacitor is 
connected. In push-pull operation, the low impedance position is at the 
center of the tank. Advantages of this system are extreme flexibility of 
mechanical construction and a reduction of tube capacitance effects 
on the L/C ratio of the tank circuits, 

(b) A parallel resonant circuit of fairly high Q will present a high 
impedance at the resonant frequency and a very much lower impedance 
at harmonic frequencies. At harmonic frequencies the impedance will 
be a relatively low capacitive reactance. Thus, the gain of a stage em- 
ploying a tuned-circuit load will be much lower at harmonic than at the 
fundamental frequencies. Of course, care must be taken to assure that 
harmonics are not transferred by means of capacitive coupling between 
stages (see also (c) and (f) above). 

(c) See Q. 3.131 for the effect of bias on harmonic generation. 

(d) For discussion of decoupling circuits, see Q. 3.102 and Q. 3.114. 

(e) For discussion of Faraday shield, see Q. 3.137(a). 


Q. 3.135. Define “transmitter intermodulation,” a possible cause (or 
causes), its effects and steps that could be taken to reduce it. 


A. Transmitter intermodulation is the generation, by a transmitter, 
of a frequency, or frequencies, which is the combination of the funda- 
mental or any of its harmonics with another fundamental or harmonics 
from a second transmitter that is fairly close by. One common cause 
of this is the picking up, by the antenna, some of the radiated energy 
from the second transmitter which is then fed backward into the trans- 
mitter over the transmission line. A portion of this energy can then be 
transferred to the grid of the power amplifier. Since at least the grid of 
this amplifier is a non-linear circuit, a modulation of one frequency, or 
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its harmonics, by the second frequency, or its harmonics, takes place 
with resulting sideband frequencies. These sideband frequencies are 
known as intermodulation products and may be equal to f; + fe, 
f, = 2fo, 2fy os fo, etc: 

One obvious manner of reducing such intermodulation would be to 
locate the transmitters and their associated antennas at greater distances 
from one another. Economic and other reasons, however, often eliminate 
this remedy. By placing a wavetrap, tuned to the second transmitter’s 
frequency or offending harmonic, in the transmission line close to the 
transmitter, the picked up energy can be markedly reduced, with a cor- 
responding reduction in the intermodulation. R-f power amplifiers using 
inductive neutralization are prone to these intermodulation effects be- 
cause the neutralization is only effective for the operating frequency 
and energy transfer from output to input at frequencies appreciably dif- 
ferent from the operating frequency takes place quite easily. Plate or 
grid neutralization, on the other hand, is effective over quite a large fre- 
quency spectrum and such energy transfer is more effectively blocked. 


D. For a discussion of the principles of intermodulation involving 
audio frequencies, see Q. 3.104, D. Generally, the same principles apply 
to intermodulation involving radio frequencies, as described above. Due 
to the nature of intermodulation, problems involving this phenomenon 
may occur within a transmitter, as well as between two transmitters. 
These may be produced in virtually any stage of a transmitter: audio, 
video, or radio frequency, if the stage operates in a non-linear fashion. 
This includes modulator stages, Class C r-f amplifiers and even conven- 
tional audio and video amplifiers if operated in a non-linear manner. If 
radiated, intermodulation frequencies may result in interference to other 
channels or may produce distortion in the originating signal. In the case 
of audio or video amplifiers, which are generally Class A types, care 
must be taken to see that the operation of these stages remains in the 
linear regions of their characteristic. This dictates, primarily, that the 
original design be adequate; that the components function properly; that 
correct bias is maintained; and that there is no overdriving of stages. 
(See Q. 4.37 through Q. 4.41 for discussion of “limiting” and “AGC” 
and “compression” amplifiers.) Many of the r-f intermodulation compo- 
nents generated within a transmitter are automatically eliminated by the 
resonant effect of the r-f tank circuits and by the antenna matching net- 
work which is normally used between the final r-f amplifiers and the 
antenna and transmission line. (See Q. 4.55, Q. 4.56 and Q. 4.82.) Shield- 
ing of some transmitter circuits and the use of Faraday screens (see 
Q. 3.134(f)) are also effective means of reducing r-f intermodulation 
radiation. In addition, circuits used to reduce simple harmonic radiation 
(see Q. 3.137), may also be effective in reducing r-f intermodulation 
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radiation. Obviously, intermodulation components lying within the nor- 
mal audio, video, or r-f pass band cannot be filtered out, but must be 
eliminated at the source. 


Q. 3.136. State a probable cause of and method of reducing trans- 
mitter spurious emissions (other than harmonics). 


A. There are three general types of spurious emissions, other than 
harmonics or intermodulation frequencies. 

(a) Parasitic oscillations: See Q. 3.92 and Q. 3.126 for a complete 
discussion. 

(b) Harmonic generator frequencies: Many types of transmitters em- 
ploy harmonic generators. In some cases the input or output frequencies 
of intermediate harmonic generator stages exist at sufficiently high am- 
plitude to feed through to the antenna. However, most of these frequen- 
cies are removed from the transmitted frequency. In many cases, there- 
fore, such frequencies are discriminated against by the r-f tank circuits, 
and by the shielding and filtering normally employed against the trans- 
mission of harmonics and intermodulation frequencies (see Q. 31135). 
In special cases, it may be necessary to employ resonant filters to reduce 
interference from an unusually strong harmonic generator, from interme- 
diate frequency signals, or from the primary frequency generated by the 
stable-master oscillator. See Q. 3.128 through Q. 3.132 for a discussion 
of such stages. See also Q. 3.168(a) and Q. 4.89(b) and (d). 

(c) Another possible type of spurious emission is due to oscillation of 
an improperly neutralized r-f amplifier. In this case, the stage acts as a 
tuned-grid, tuned-plate oscillator, with feedback occurring through the 
plate to grid capacitance of the tube. A similar type of oscillation may 
occur in a transistor r-f amplifier employing tuned input and output 
circuits, which are resonant to the same frequency. In this case, the feed- 
back is through the collector-to-base capacity and the base-material re- 
sistance. For a discussion of neutralization, see Q. 3.125 and Q. 3.128. 


Q. 3.137. List several frequently used methods of attenuating har- 
menics in transmitters and explain how each works. 


A. (a) A Faraday screen may be used between the final-tank induc- 
tance and the output-coupling coil of the transmitter as shown in Fig. 
3.137(a). The Faraday screen is a grounded electrostatic screen which 
greatly reduces the capacitive coupling between the two coils and thus 
reduces the transfer of harmonic frequencies. (See discussion below.) 

(b) The use of tuned wave traps in the transmission line to the anten- 
na. The diagram shown in Figure 3.137(a) shows how such traps may 
be connected to the transmission line. The parallel resonant traps shown 
connected in series with the line present a very high impedance to the 
harmonic frequency to which they are tuned and therefore reduce the 
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Fig. 3.137(a). R-f output of a transmitter may be coupled 
to a transmission line in this manner, utilizing the Faraday 
screen to reduce the transfer of harmonic frequencies. 


amount of harmonic energy transferred to the antenna. The series res- 
onant traps shown connected from the line to ground exhibit a very 
low impedance to the harmonic frequency and tend to short circuit the 
harmonic energy to ground, thus reducing the amount of such energy 
from reaching the antenna. i 

(c) Low pass r-f filters are sometimes used in the transmission lime 
instead of the tuned filters discussed above. The low pass filters are de- 
signed to have a cut-off frequency somewhat in excess of the operating 
frequency. These filters not only reduce the harmonic radiation but have 
the added advantage of attenuating any other spurious emissions above 
the filter’s cut-off frequency. For diagrams of low-pass filters, see Q. 3.35 
and Q. 3.36. 

(d) The use of a “pi” network for impedance matching between the 
plate of the output tube and the transmission line has some value in 
attenuating harmonic output and is shown in Fig. 3.137(d). The output 
or load adjusting capacitor of the network will have much lower reac- 
tance for harmonic frequencies and thus tends to bypass such energy 
to ground. 


D. (See Q. 3.134.) 


(a) The purpose of a “Faraday” screen (or shield) is to minimize 
the transfer of harmonic frequencies between two inductively coupled 
circuits due to the capacity between the two coils. The two coils in 
question are usually the plate tank circuit coil of the final r-f amplifier 
and the coupling coil to the antenna system. 
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In addition to inductive coupling between the two coils, there also 
exists a degree of capacitive coupling due to the stray capacity existing 
between the two coils. The amount of capacity coupling increases as the 
two coils are brought closer together. This capacity coupling offers a 
relatively low impedance path for the transfer of harmonics, since the 
capacitive reactance decreases as the frequency is increased. One effec- 
tive means of reducing harmonic transfer into the antenna circuit is to 
reduce the capacity between the two coupled coils. The method of ac- 
complishing this is similar to the principle of a screen grid in a tetrode 
vacuum tube. A screen or shield which is grounded is placed between 
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Fig. 3.137(d). Coupling to an antenna by means of api” 
network. 


the two coils. Such a device is called a “Faraday” screen. It is made up 
of a flat plate constructed of separate parallel conductors insulated from 
each other at one end, but joined together physically and electrically at 
the other end. The conductors are insulated at one end so that no 
closed circuits will appear in the screen which would also cause mag- 
netic shielding. The insertion of this grounded screen between the two 
coils greatly reduces the capacitance between the coils and so minimizes 
harmonic coupling due to the capacitance effect. 

(b) For discussions of commonly used filters, see Q. 3.35 and Q. 3.36. 

(c) See Q. 4.55 and Q. 4.56 for diagrams of antenna coupling methods 
and discussions of these. 


AMPLITUDE MODULATION 


Q. 3.138. What is the meaning of the term “carrier frequency”? 


ee =! > . 
A. The “carrier frequency” is the frequency of the “carrier wave.” 
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The “carrier wave” is the output of a transmitter when the modulating 
wave is equal to zero. 


D. The above definitions hold true in the case of conventially mod- 
ulated AM or FM transmitters. However, in the case of single-sideband 
suppressed carrier emission (see Q. 3.152), the carrier is not transmitted. 
There is a carrier frequency in this case, but it is suppressed prior to 

transmission. 


Q. 3.139. If a carrier is amplitude modulated, what causes the side- 
band frequencies? 


A. The process of modulation can be thought of as a process of 
heterodyning two or more frequencies and results in beat frequencies. 
The products of modulation are the two original frequencies plus the 
sum and difference frequencies. The sum and difference frequencies are 
known as the sideband frequencies. One of the two original frequencies 
(the radio frequency) appears unchanged and is termed the carrier fre- 
quency. The lower original or modulating frequency is also unchanged, 
but usually does not appear in the output of the modulated amplifier 
because the amplifier’s load presents practically zero impedance. to this 
low frequency. 


D. Ina more analytical sense, the modulated wave is a distorted sine 
wave because its amplitude is varying. Mathematically it can be shown 
that this distorted sine wave is comprised of three component frequen- 
cies; the carrier plus the two sidebands. The amplitude of the modulated 
wave at any instant is the vector sum of the amplitudes of the three com- 
ponents at the same instant. 


Q. 3.140. What determines the bandwidth of emission for an AM 


transmission? 


A. The bandwidth of emission for an AM transmission is always 
equal to twice the highest modulating frequency being used. 


D. Assuming a carrier frequency of 500 kilohertz and a modulating 
frequency of 800 hertz, the bandwidth of emission is determined as 
given in the following example. 

The total bandwidth is the difference between the upper and lower | 
sideband frequencies. The upper sideband frequency equals 500,000 -+ 
800 = 500,800 hertz. The lower sideband frequency equals 500,000 — 
800 = 499,200 hertz. The total bandwidth therefore equals 1600 hertz, 
or the difference between the two sideband frequencies. 


Q. 3.141. Why does exceeding 100% modulation in an AM transmis- 
sion cause excessive bandwidth of mission? 
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A. When 100% modulation is exceeded in an AM transmission, the 
negative peaks of the modulation envelope are clipped. The result of this 
is to introduce even-order harmonics of the modulating frequencies into 
the wave. Since these represent higher modulating frequencies, the band- 
width of the emission is correspondingly increased and may become ex- 
cessive. 


D. When an r-f amplifier is modulated in excess of 100°/, there are 
definite periods of time when the amplifier does not produce any 
output at all. This factor radically changes the original wavelength of 
the modulating signal. New frequencies are thus generated which were 
not present in the original modulating signal. Among these new fre- 
quencies are many harmonics, the number. and intensity of which vary 
in proportion to the degree of overmodulation. These in effect create 
additional sideband frequencies which may extend far beyond the al- 
lotted bandwidth, and cause interference to adjacent channels. In ad- 
dition to creating interference, the change in waveshape of the modu- 
lation component also causes distortion of the received signal, the mag- 
nitude of which increases with the degree of overmodulation. 


Q. 3.142. What is the relationship between percent modulation and 
the shape of the waveform “envelope” relative to carrier amplitude? 


A. The amplitude of the peaks of modulation, expressed as a per- 
centage of the carrier amplitude, is the percentage of modulation. Fig. 
3.142 illustrates the relationship between the audio modulating signal, 
the unmodulated carrier wave and the modulated carrier wave for a 50 
percent modulated wave. 


D. Assume the carrier amplitude to be 100 volts unmodulated, the 
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Fig, 3:142, A350 percent modulated wave. 
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value of Emax to be 150 volts, and the value of E;,in to be 50 volts. The 
percentage modulation is found according to the formula: 


Enias Tie jaye ae) 150 SoTEN 50 
Mod. 7 ORS W memes 100 oe Oh 


For 100% modulation Emme, would be 200 and Emin would be zero. 


xX 100 = 50% 


Q. 3.143. Draw a simplified circuit diagram of the final stages 
(modulator, modulated push-pull linear amplifier) of a type of low-level 
plate modulated transmitter, utilizing a pentode tube in the modulated 
stage. Explain the principles of operation. Repeat using a tetrode to pro- 
vide high-level modulation. 


A. Figure 3.143(a) illustrates one possible configuration for a low- 
level Class-C plate-modulated amplifier followed by a push-pull Class-B 
RF linear amplifier. It is believed the question is slightly in error, as a 
push-pull linear amplifier is not ordinarily modulated. 


CLASS C CLASS B R-F 
MODULATED AMP. LINEAR AMP 


Fig. 3.143(a). Low level plate-modulated transmitter with pentode in 
modulated stage. 


In a properly adjusted Class-C amplifier, the output voltage or am- 
plitude is directly proportional to the applied plate voltage. Examining 
the diagram, it can be seen that the AF output voltage of the modulator 
is in series with the applied d-c plate voltage to the modulated amplifier. 
This results in an applied voltage that varies in accordance with the 
modulating frequency and therefore results in an output from the modu- 
lated amplifier whose amplitude also varies in accordance with the 


modulating frequency. Thus an amplitude modulated wave is created. 
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When a pentode is used as a modulated Class-C amplifier, it is nec- 
essary to vary the applied screen grid voltage in the same manner as the 
applied plate voltage. One way of doing this is shown in the figure. An 
inspection of the figure will reveal that the screen voltage is obtained, 
through a series dropping resistor, from the applied voltage and there- 
fore both voltages will vary simultaneously. 

In the circuit shown, a Class-B RF linear amplifier amplifies the already 
modulated wave. It is necessary to use this particular type of amplifier 
to prevent distortion of the modulated wave. Such an amplifier has the 
ability to produce an output voltage that almost exactly duplicates the 
exciting voltage within certain limits. A Class-C amplifier used in this 
position, of course, would produce intolerable distortion. 

Figure 3.143(b) illustrates one possible configuration for a high level 
plate-modulated amplifier using a tetrode. High level modulation is de- 
fined as plate modulation of the final power amplifier, hence, in this 
case, the output of the modulated amplifier is fed directly to the antenna 
instead of to a following amplifier. 
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Fig. 3.143(6). High level plate-modulated transmitter with tetrode in 
modulated stage. 


The illustrated circuit operates exactly as described for the foregoing 
pentode modulated amplifier. An examination of both circuits will reveal 
that they are similar in all respects except for the suppressor grid con- 
nection. 


I). Any stages which are required to amplify a modulated wave 
must be operated as linear amplifiers in order that the modulation 
components shall not be distorted. Class-C operation cannot be used 
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because of the extreme distortion which would result. It would be pos- 
sible to employ Class A except for its very low efficiency. Thus Class- 
B operation is the logical choice both from the standpoint of low dis- 
tortion and of efficiency. It is usually preferred to operate at least the 
final Class-B amplifier in push-pull. See also Q. 3.139 through Q. 3.142, 
Q. 3.143, Q. 4.48, Q. 4.85, Q. 4.86 and Q. 4.89(a). 


Q. 3.144. How does a linear power amplifier differ from other types? 


A. It is assumed that the question was meant to be “How does an 
RF linear power amplifier differ from other types of RF power am- 
plifiers?” 

Under the above assumption, the most generally used RF power am- 
plifier is the Class-C amplifier with its high distortion produced by using 
a bias voltage greatly in excess of the cut-off value. As opposed to this, 
the RF linear power amplifier is a Class-B amplifier that uses a bias 
approximately equal to the projected cut-off bias. Biased in this manner, 


such an amplifier has an output voltage that is almost exactly directly 


in proportion to the exciting voltage—hence the name, linear. 


D. Occasionally, Class-A RF power amplifiers are used. These am- 
plifiers are also linear, but are not able to generate the amount of output 
power that the Class-B amplifiers can, nor do they operate as efficiently. 


(See also Q. 3.143.) 


Q. 3.145. Draw a simple schematic diagram showing a method of 
coupling a modulator tube to a radio frequency power amplifier tube 
to produce grid modulation of the amplified RF energy. Compare some 
advantages or disadvantages of this system of modulation with those of 
plate modulation. 


A. For the diagram, see Fig. 3.145. 

Some advantages of grid modulation vs. plate modulation are as 
follows: 

(a) The amount of audio power required of the modulator for 100% 
modulation is extremely small. 

(b) Very much smaller modulation transformer may be used. 

Some disadvantages of grid vs. plate modulation are as follows: 

(a) The grid modulated amplifier must use tubes having an output 
rating approximately equal to four times the carrier output power, 
whereas the plate modulated amplifier must use tubes having an output 
rating equal to approximately one and a half times the carrier output 
power. The output power ratings mentioned are those for straight Class- 
C unmodulated or oscillator service. 

(b) Distortionless modulation, greater than about 85%, is very difh- 
cult to achieve, whereas with the plate modulated amplifier, 100%, mod- 
ulation without distortion is easily accomplished. 
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D. The efficiency of a grid-modulated amplifier is maximum at com- 
plete modulation and minimum at zero modulation. 

The plate efficiency of a grid-bias modulated class C r-£ amplifier 
under unmodulated conditions is about % of the amplifier efficiency 
realized during the 100°% modulation peaks. This averages between 30 
and 40% in typical cases. When the wave is 100°/ modulated, the plate 
efficiency averages about 45 to 60°/%. The carrier power obtained from 
a grid-bias modulated stage is about %4 of the power obtainable from 
the same tube operated as an ordinary class C amplifier. 


NEUTRALIZING 
CAPACITOR 


RF BY-PASS 

CAPACITOR Faust l 
0.002 wF OR gle FROM 
LESS a MODULATION 


AMPLIFIERS 


Fig, 3.145. Method of producing grid modulation. 


If maximum output from a_ grid-modulated amplifier is to be 
achieved, it is necessary that the grid be driven positive (and draw cur- 
rent) on the modulation crests (peaks). However, it must be realized 
that grid current may cause distortion due to an impedance drop in the 
driver. It is essential, therefore, that the impedance presented by the 
driver be a low value to insure output voltage regulation. Where mini- 
mum distortion is desired, the grid is not permitted to draw current. 
This operating condition results in a reduction of both output and oper- 
ating efficiency, but this is the price which must be paid for the im- 
proved quality. 

The d-c grid bias is normally adjusted to a value varying from 14 to 
3 times the plate current cut-off value. The actual value of bias used is 
not extremely critical and is a function of the available modulating volt- 
age, and the desired operating efficiency. The efficiency of a grid-bias 
modulated class C amplifier is only about half that of a properly designed 
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unmodulated class C amplifier and therefore the output is correspond- 
ingly less. 


Q. 3.146. What is meant by “frequency shift” or “dynamic instabil- 
ity?” with reference to a modulated r-f emission? 


A. “Frequency shift” or “dynamic instability” refers to the instanta- 
neous changes of oscillator frequency due to corresponding changes of 
plate and screen grid voltages of the oscillator tubes, and is caused by 
improper regulation of the power supply. 


D. If acommon power supply were used for the oscillator, r-f ampli- 
fiers and modulator stages, it would be difficult to prevent “dynamic in- 
stability,” especially if the modulator were not operating strictly class A. 
Any changes in the loading due to any cause, or any changes in modu- 
lator power requirements will create a change in power supply output 
voltage. This, in turn, may cause the oscillator frequency to shift, creating 
undesired frequency modulation. In general, an increase in oscillatot 
plate voltage (with screen voltage constant) will cause the oscillator fre- 
quency to increase because of a decrease of tube input capacity. A pro- 
portional increase of screen voltage would have the opposite effect on the 
frequency, and this factor is taken advantage of in the electron-coupled 
oscillator to maintain frequency stability and reduce dynamic instability. 
Dynamic instability can also be reduced by: (1) using an oscillator tank 
circuit with a high C/L ratio, (2) by light loading of the oscillator cir- 
cuit, (3) by using a high value of grid leak, and (4) by using separate 
power supplies for oscillator, modulator and r-f amplifiers, or at least for 
the oscillator. 


Q. 3.147. What would cause a dip in the antenna current when AM 
is applied? What are the causes of carrier shift? 


A. (a) This is called “downward modulation.” | 
With plate modulation, “downward modulation” may be caused by 
any of the following: 


(1) Insufficient bias at the modulated r-f amplifier. 

(2) Insufficient excitation into the modulated r-f amplifier. 

(3) Excessive overloading of the class C modulated r-f amplifier. 

(4) Incorrect load impedance for the class C modulated r-f ampli- 
fier. 

(5) Faulty or insufficient value of output capacity in the power 
supply filter for the modulated r-f amplifier. 

(6) Poor regulation of a common power supply. 

(7) Defective tube. 


With grid-bias modulation, a downward “kick” may be caused by 
any of the following: 
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(1) Excessive r-f excitation to the grid of the modulated r-f ampli- 
fier. 

(2) Insufficient operating bias on the grid of the modulated r-f am- 
plifier. 

(3) Distortion in the modulator or speech amplifier. 

(4) Excessive resistance in the grid bias power supply. 

(5) Faulty or insufficient output capacity in the plate power supply 
filter to the modulated r-f amplifier. 

(6) Insufficient loading of the plate circuit of the modulated r-f 
amplifier. 

(7) Too high _ plate-circuit eficiency of the modulated r-f 
amplifier under unmodulated conditions. 

(8) Defective tube. 

(b) “Carrier shift” occurs when the relative amplitudes of the posi- 
tive and negative modulation peaks are unsymmetrical. The shift is 
one of amplitude and not of carrier frequency. 


D. (a) An upward rise of antenna current when a transmitter is 
amplitude modulated is a normal condition. However, an upward “kick” 
of current may occur which is not a normal condition, With plate modu- 
lation an upward “kick” may be caused by any of the following: - 

(1) Parasitic oscillations in the modulated r-f amplifier, 

(2) Overmodulation. 

(3) Incomplete neutralization of the modulated r-f amplifier. 

With grid modulation an upward “kick” may be caused by any of 
the following: 

(1) Overmodulation. 

(2) Audio system distortion. 

(3) Incomplete neutralization of the modulated r-f amplifier. 

(4) Excessive grid bias in the modulated r-f amplifier. 

(b) The following are causes of positive carrier shift: 

1. High or low frequency parasitic oscillations. 

2. Excessive audio drive. 

3. Incorrect tuning of final amplifier. 

4. Insufficient r-f excitation. 

5. Incorrect neutralization. 

The following may cause negative carrier shift: 

1. Distorted modulating wave due to 

(a) Improper bias of modulation amplifier. 

(b) Overdriving of modulation amplifier. 

(c) Poor regulation of modulator power supply. 

(d) Defective tube or modulation transformer. 

2. Overmodulation. 
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3. Incorrect load impedance presented to modulator tube by r-f am- 
plifier. 

4. Improper tuning of tank circuits. 

5. Poor regulation of r-f amplifier power supply. 

6. Insufficient r-f excitation. 

The term “negative carrier shift” does not denote a change of 
carrier frequency, although additional harmonic frequencies are pro- 
duced. Carrier shift occurs when an unsymmetrical distortion of the 
modulation envelope is present. In “negative carrier shift,” the negative 
portions of the modulation component become greater than the positive 
portions, resulting in a decrease of the average output power as evi- 
denced by a decreased reading on the d-c plate milliammeter of the final 
r-f amplifier. In “positive carrier shift” the positive portions of the mod- 
ulation component become greater in amplitude than the negative por- 
tions, resulting in an increase of the average output power as evidenced 
by an increased reading on the d-c plate milliammeter of the final r-f 
amplifier. 

The d-c plate current of a modulated class C amplifier should remain 
constant when AM is applied. If no distortion (practically) occurs in the 
process of modulation, the amount of increase in class C plate current 
should be exactly the same as the amount of decrease and therefore the 
average change is zero. This applies.as long as there is no overmodula- 
tion present or carrier shift. 


Q. 3.148. What is the relationship between the average power out- 
put of the modulator and the plate circuit input of the modulated am- 
plifier under 100 percent sinusoidal plate modulation? How does this 
differ when normal voice modulation is employed? 


A. (a) With 100 percent sinusoidal plate modulation, the average 
audio output power of the modulator is equal to 50 percent of the d-c 
plate circuit input power of the modulated amplifier. 

(b) With normal voice modulation, the average modulation percentage 
is only in the order of 30 percent or less. This is due to the ratio of 
peak to average power in the human voice. Under these conditions, the 
average power output of the modulator is only about 4.5 percent of the 
amplifier’s d-c plate input power. To reproduce the peaks of speech 
faithfully, however, the modulator must still have the same peak power 
capability as when called upon to produce 100% sinusoidal modulation. 


D. Under 100°%% sinusoidal plate modulation conditions, the a-c 
power output of the modulator must equal of the d-c power input 
to the modulated r-f amplifier. The modulator output supplies the 
power for the sidebands, while the d-c supply furnishes the power for 
the carrier wave. 


Q. 3.149. What is the relationship between the amount of power in 
the sidebands and the intelligibility of the signal at the receiver? 
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A. Since all the intelligence in an amplitude-modulated emission is 
contained in the sidebands and none in the carrier, the intelligibility of 
the signal at the receiver is directly proportional to the amount of power 
in the sidebands, 


D. The following are advantages of high percentage modulation: 

(1) A higher signal-to-noise ratio at the receiver. 

(2) Greater area coverage for a given carrier power. 

(3) Greater useful transmitted power for a given carrier power, 

(4) Higher plate efficiency of the modulated r-f amplifier, 

(5) Less interference at the receiver from other stations operating 
on the same channel. 


It should be realized that the only useful power contained in a 
modulated carrier wave is in the sidebands. At 100°, modulation the 
sideband power represents only 3314°% of the total radiated power. The 
remainder of the power, or 6634°/, is in the carrier wave and is of no 
value in transmitting intelligence. If the percentage of modulation is 
reduced to 50°, the amount of power in the sidebands is reduced only 
about 11% of the total radiated power. (This corresponds to an increase 
of 12.59% over the original carrier power.) It may be seen from the 
above examples that it is important to keep the average percentage of 
modulation as high as may be practical for any particular transmitter. 


Q. 3.150. What might cause FM in an AM radiotelephone trans- 
mitter? 


A. See Q. 3.146. 


Q. 3.151. Draw a block diagram of an AM transmitter. 
A. For the diagram, see Fig. 3.151, 
D. See Q. 4.89(a). 
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Fig. 3.151. Block diagram of an AM transmitter. 
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Q. 3.152. Explain the principles involved in single-sideband sup- 
pressed-carrier (SSSC). emission. How does its bandwidth of emission 
and required power compare with that of full carrier and sidebands? 


A. Either a mathematical or electrical analysis of an amplitude mod- 
ulated wave will demonstrate that the carrier of the wave is completely 
unaffected by the presence or absence of modulation. Further analysis 
will demonstrate that each sideband will contain all the intelligence that 
is being transmitted. The foregoing facts lead to the conclusion, that, 
to successfully convey intelligence, it is only necessary to transmit but 
one sideband; the carrier and the remaining sideband being suppressed 
or not transmitted. 

Since with the single-sideband suppressed-carrier (SSSC) mode of 
transmission, only one sideband is transmitted, the bandwidth of emis- 
sion is reduced to only one-half of the bandwidth required for normal 
amplitude-modulated transmission. The bandwidth required is equal to 
the highest modulating frequency used. | 

The signal-to-noise power ratio at the output of a radio receiver de- 
pends. on several factors, among which are the following: 

(1) The amount of power contained in the sidebands of the received 
wave. 

(2) The width of the receiver’s passband or its selectivity. 

(3) The amount of noise power received by the antenna. 

If the above factors are constant, then, for the same peak-power cap- 
abilities of the transmitter, an improvement in signal-to-noise power ratio 
of eight times can be obtained by the use of SSSC. For the same signal- 
to-noise performance at the receiver, the transmitter must be capable of 
handling only one-eighth the peak power that would be required of an 
amplitude-modulated transmitter. 

On an average-power, instead of a peak-power basis, the SSSC trans- 
mitter must deliver only one-sixth the amount of average power required 
of an amplitude-modulated transmitter for the same signal-to-noise per- 
formance at the receiver. 


D see. ().3.153.and/ 023,154; 


Q. 3.153. Draw a block diagram of an SSSC transmitter (filter type) 
with a 20-kHz oscillator and emission frequencies in the range of 
6 MHz. Explain the function of each stage. 


A. (a) For the diagram, see Fig. 3.153. 


(b) The First Balanced Modulator, because of special circuit balanc- 
ing, produces a modulated wave containing upper and lower sidebands 
but no carrier. The carrier, if it were present, would have a frequency 
in this case of 20 kHz and is supplied by the 20-kHz Crystal Oscillator. 
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Fig. 3.153. Block diagram of a filter-type SSSC transmitter. 


The output of the first balanced modulator consists of the lower side- 
band frequencies, from 17.3 kHz to 19.7 kHz, and the upper sideband 
frequencies, from 20.3 kHz to 23.0 kHz. 

The First Bandpass Filter is so designed as to pass only frequencies of 
20.3 to 23.0 kHz. Frequencies outside this pass band are greatly attenu- 
ated. Therefore, the first bandpass filter allows only the upper sideband 
frequencies to pass through and be fed to the Second Balanced Modu- 
lator. By this action, a single-sideband suppressed-carrier signal has been 
generated, but it requires further treatment as it is not of the desired 
frequency range as yet. 

The second balanced modulator differs from the first balanced modu- 
lator only in having an input carrier frequency of 480 kHz instead of 
20 kHz. The output of the second balanced modulator consists of lower 
sideband frequencies of from 457.0 to 459.7 kHz and upper sideband 
frequencies of from 500.3 to 503.0 kHz. 

The second bandpass filter, because of its pass band of 500.0 kHz to 
503.0 kHz, allows only the upper sidebands of the second balanced 
modulator to be presented to the input of the Mixer, 

The mixer stage is similar to mixer stages used in superheterodyne 
receivers and its output consists of the original input frequencies of from 
00.3 to 503.0 kHz, the Crystal Oscillator frequency of 5500 kHz, the 
difference frequencies from 4997.0 kHz to 4999.7 kHz and the sum 
frequencies from 6000.3 kHz to 6003.0 kHz. 

The Tank Circuit, which actually is part of the mixer, is adjusted to 
be resonant at 6000 kHz. Consequently, the output of the tank circuit is 
only the upper sideband frequencies of from 600.3 kHz to 6003.0 kHz, 
All of the other responses of the mixer are discriminated against or 
attenuated by the tank circuit. 
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In actual practice, the carrier is not always suppressed completely. 
For use in receiving a single-sideband signal it is very useful to have a 
very much attenuated carrier present in the wave as a reference fre- 
quency. The carrier may be reduced as much as 20 dB below the side- 
band power level. Propagation conditions may often dictate a carrier 
power level that is higher than the usual 20 dB. The carrier is reinserted 
into the single-sideband signal at the output of the first bandpass filter 
as shown in the diagram. The amount of carrier reinserted is controlled 
by the adjustable attenuating pad. 


D. It is normal practice to operate the above-described stages at very low 
power levels and to use receiving type vacuum tubes in this part of the 
transmitter. Today, semi-conductors are beginning to replace vacuum 
tubes. The section of the transmitter just described is called various 
names, among which are “Exciter,” “SSB Generator,” etc., and has a 
final power output in the order of tenths of a watt. 

The output of an exciter is insufficient to excite the antenna and fur- 
ther amplification is required. Since the signal is already modulated, the 
normal Class C amplifier cannot be used for this purpose. Therefore, 
Class B RF linear amplifiers are used to obtain essentially distortionless 
power amplification to the power level required at the antenna. In some 
infrequent instances, Class A RF linear amplifiers are used, but this 
practice is rapidly declining because of the low efficiency of this class 
of amplifier. 


Q. 3.154. Explain briefly, how an SSSC emission is detected. 


A. To detect a SSSC signal, the output of a low frequency (20 kHz) 
local oscillator is applied to the final receiver detector, together with the 
single-sideband output of the last i-f amplifier (20.3 to 23 kHz). Because 
of the non-linear action of the detector, an amplitude-modulated wave 
is produced, which is then detected in the conventional manner by the 
same detector. 


D. A single-sideband receiver is a superheterodyne and may be of the 
single-conversion (see Q, 3.155) or double-conversion (see Q. 3.180) type. 
The SSB receiver differs from the conventional type primarily in the 
manner of final detection, as described above. In order to faithfully re- 
produce the original audio signal, it is essential that the reinserted carrier 
have the same frequency as the transmitter carrier and have the correct 
amplitude. There are several ways of insuring proper frequency. As 
stated in the preceeding question, a reduced carrier (20 kHz) may be 
transmitted together with the single-sideband signal. This reduced carrier 
may be extracted from the i-f signal by a sharply tuned crystal filter and 
can be utilized in either of two ways. One procedure is to use the reduced 
carrier as the reference frequency for an AFC system to stabilize the 
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frequency of the carrier reinsertion oscillator (20 kHz). Another pos- 
sibility (after extraction) is to amplify the reduced carrier and to utilize 
it directly as the reinserted carrier. Both of these schemes add to the 
expense and complexity of the SSB receiver. A simpler arrangement, 
which is frequently used, utilizes a highly stable carrier reinsertion 
oscillator, operating at 20 kHz. 

To recover the modulation information from a single-sideband signal, 
it is not essential to reinsert a carrier at the original low frequency (20 
kHz). The carrier may be reinserted at the i-f frequency (such as 455 
kHz), or at the r-f transmission frequency (such as 6,000 kHz, as in 
the preceding question). For example, in communications receivers 
employing a ‘‘beat-frequency oscillator” (see Q. 3.158), the BFO may 
be used to reinsert an i-f carrier. In this case the BFO frequency is care- 
fully adjusted to obtain an undistorted audio output. The BFO is then 
tuned to the precise i-f frequency, 455 kHz. As an alternative, an r-f 
oscillator may be tuned to the transmission r-f carrier frequency (such 
as 6,000 kHz) and fed into the antenna input circuit of the receiver. In 
the latter case, the oscillator must be tuned to the exact r-f transmission 
frequency of the station. This condition will be effected when undis- 
torted audio is obtained from the receiver, As was the case for the low 
frequency (20 kHz) reinserted carrier, the oscillators used to reinsert 
the carrier must be highly stable. This is necessary because any oscillator 
drift will result in a distorted, “scrambled,” or “inverted” audio output. 


Q. 3.155. Draw a block diagram of a single-conversion superhetero- 
dyne AM receiver. Assume an incident signal and explain briefly what 
occurs in each stage. 


A. For the diagram, see Fig. 3.155. 
Using the incident frequency of 2450 kHz as shown in the diagram, 
a brief description of what occurs in each stage is as follows: 


1. The signal, with a frequency of 2450 kHz, is fed by the antenna 


2450 kHz 
2450 kHz 2905 kHz 
> z 
2450 kHz 
3905 kHz 5355 kHz 455 kHZ AUDIO FREQUENCIES 


455 kHz 455 kHz 


Fig. 3.155. Block diagram of a superheterod yne AM receiver. 
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system into the RF amplifier where it 1s amplified and separated, to 
some extent, from other frequencies. 

2. The mixer has two signals fed to it. One of these is the incoming 
signal of 2450 kHz from the RF amplifier and the other is a signal of 
2905 kHz from the local oscillator. The mixer combines these two fre- 
quencies and produces in its output the two original frequencies and 
their sum and differences. These are shown in the diagram. 

3. The first IF amplifier is tuned, in this case, to 455 kHz and so 
amplifies the 455-kHz output of the mixer and rejects the remaining 
output frequencies. The selectivity characteristics of the IF amplifiers 
are such as to provide the main selectivity of the receiver. 

4. The second IF amplifier provides further amplification and selec- 
tivity for the 455-kHz IF signal and presents it to the 2nd detector. 

5. The second detector demodulates the 455-kHz IF signal and 
extracts the original audio frequencies from it. The 2nd detector usually 
derives a d-c voltage from the carrier for use in the automatic-gain 
controlled stages of the receiver. 

6. The audio amplifier raises the power level of the audio frequencies 
from the 2nd detector to a value sufficient to drive the loudspeaker of 
the receiver. 


D. (a) The purpose of the first detector is to act as a mixer by oper- 
ating in a non-linear fashion and providing the action which produces 
the desired intermediate frequency. 

If two frequencies are applied to a perfect class A amplifier, 
there will be no beating action in the tube, and the only frequencies 
available in the output circuit will be the original two frequencies. This 
is because a perfect class A amplifier is a linear circuit. In order to pro- 
duce “beating,” which is necessary for detection or modulation, the two 
frequencies must be combined in a non-linear device. Such a non-linear 
characteristic may be obtained, for example, by operating a vacuum tube 
on the non-linear portion of its characteristic. This is exactly what 1s 
done in the first detector of a superheterodyne (and the second detector 
as well). The first detector is operated with a relatively large bias, so 
that the operation takes place along the lower curved portion of the 
tube characteristic. If two different frequencies are introduced into such 
a non-linear device, a distortion of the input voltages will take place so 
that new frequencies are produced in the plate circuit, which were not 
originally present in the input circuit. These are mainly: (1) the sam 
of the two original frequencies, (2) the difference between the two 
original frequencies, (3) various harmonic frequencies. In addition, the 
two original frequencies will also be present in the plate circuit of the 
first detector. The desired frequency, which is usually the difference 
frequency in radio receivers, is selected and amplified by the inter- 
mediate frequency amplifiers. 

(b) Some superheterodyne receivers employ a crystal oscillator in or- 
der to insure maximum stability of receiver operation. 
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In a superheterodyne receiver, the correct setting and calibration 
of the mixer oscillator is of critical importance, since the oscillator fre- 
quency “beating” with the incoming signal produces the correct inter- 
mediate frequency. Radio-frequency circuits (r-f amplifier and mixer) 
do not tune very sharply and can vary considerably without causing 
much trouble. It is, therefore, desirable whenever practical to employ 
a crystal-controlled oscillator to provide maximum stability. Crystal os- 
cillators are frequently used in communications receivers operating on 
certain pre-determined channel frequencies. In this case a separate crys- 
tal is switched in for reception on any particular channel. This system 
is impractical where variable tuning is required. 

c) A “superheterodyne” receiver is subject to image interference. 

The intermediate frequency delivered by the first detector, and 
selectively amplified by the i-f Stages, is the difference between the in- 
put signal frequency and the oscillator frequency. There are two signal 
frequencies which will give the same intermediate frequency for a 
given oscillator frequency—one higher, and one lower than the oscil- 
lator. The input system is designed to select one and reject the other; 
but it sometimes happens that, due to misalignment of the receiver or 
to a very strong signal, the unwanted signal will get through to the 
first detector. When this happens, it causes an intermediate frequency 
signal which passes through the receiver normally, Such a signal is 
called “image interference.” An incoming signal causing image inter- 
ference is twice the intermediate frequency above or below the fre- 
quency to which the receiver is tuned, depending on whether the oscil- 
lator frequency is designed to be above or below that of the desired 
signal. 

(d) A high intermediate frequency is desirable in order to place the 
image frequency as far as possible from the normal received signal so 
that the image frequency may be effectively suppressed in the tuned r-f 
amplifier and mixer circuits. This may be illustrated by the following 
example: Assume that the desired carried signal is 1000 kilohertz, the 
oscillator frequency 1050 kilohertz, and the intermediate frequency 50 
kilohertz. The image frequency equals twice the intermediate frequency 
plus the carrier frequency or (2 x 50) + 1000 kilohertz = 1100 kilo- 
hertz. Since the image is removed only 100 kilohertz from the desired 
carrier, the r-f and mixer circuits will not offer too much rejection to the 
image frequency. On the other hand, if the oscillator frequency were 
1500 kilohertz, the intermediate frequency would then be 500 kilohertz 
and the image would equal (2 500) + 1000 kilohertz — 2000 
kilohertz. The image is now removed from the desired signal by 1000 
kilohertz and will be greatly attenuated by the r-f and mixer circuits. 
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Q. 3.156. Explain the relation between the signal frequency, oscil- 
lator frequency and the image frequency in a superheterodyne receiver. 


A. (a) Assuming the oscillator frequency to be above the incoming 
frequency, the following relations prevail: 

(1) Oscillator frequency = Incoming-Signal Frequency + Intermediate 
Frequency. 

(2) Image Frequency = Incoming Frequency + 2X Intermediate 
Frequency. 

(b) Assuming the oscillator frequency to be below the incoming fre- 
quency (used mainly in some VHF receivers), the following relations 
prevail: 

(1) Oscillator Frequency = Incoming-Signal Frequency — Interme- 
diate Frequency. 

(2) Image Frequency = Incoming Frequency — 2 X Intermediate 
Frequency. 


D. For example, assume a receiver is tuned to an incoming frequency 
of 1000 kHz; its oscillator frequency is 1455 kHz and its intermediate 
frequency is 455 kHz. In this case the image frequency equals the in- 
coming frequency plus twice the i-f, or; Image = (2 X 455) + 1000 
= 1910 kHz. 

For a VHF receiver operating at 120 MHz with an oscillator fre- 
quency of 109.3 MHz and an i-f of 10.7 MHz, the image frequency 
equals twice the i-f subtracted from the incoming frequency, or; 
Image = 120 MHz — (2 X 10.7 MHz) = 198.6 MHz. 


Q. 3.157. Draw a circuit diagram of an AM second detector and a-f 
amplifier (in one envelope), showing AVC circuitry. Also show coupling 
to, and identification of, all adjacent stages. 

(a) Explain the principles of operation. 

(b) State some conditions under which readings of AVC voltage 
would be helpful in trouble-shooting a receiver. 


(c) Show how this circuit would be modified to give DAVC. 


A. For the diagram, see Fig. 3.157(a). 

(a) (1) The functioning of a diode detector depends upon the ability 
of an RC network (Co, Re, Rs) to follow the average diode current 
variations, which are directly proportional to the modulation envelope. 

The secondary circuit of the last i-f transformer (which acts as a gen- 
erator) is connected to the diode plate and cathode in series with the 
parallel RC network, Cy, Re, Rs. Assume first that an unmodulated 
carrier is applied to the detector. Rectification will occur with the diode 
plate conducting on the positive portions of the r-f cycles. Capacitor Cy 
will charge almost to the peak value of the unmodulated carrier. The 


196 Radio Operator's License O and A 


plate side of C2 will be negative and of a steady value, as long as the 
carrier amplitude remains constant. 

Now assume that amplitude modulation is applied to the carrier wave. 
Charge on Cy increases proportionally to the increased amplitude of the 
modulated carrier. Also, as the carrier amplitude decreases, charge on 

2 decreases. Thus, the charge across Cy varies in accordance with 
the audio modulation changes (because of the time constant of Co, Ro, 
R3). However, the time constant is very long compared to the time of 
one r-f cycle and the network has very little response to individual r-f 
cycles. It does, of course, respond to the average change in amplitude of 
these r-f cycles, which corresponds to the audio wave. 
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Fig. 3.157(a). Circuit diagram of AM second detector and 
a-f amplifier. 


(2) The detected audio wave is taken from the tap of Ry and Rg (to 
reduce distortion) and fed via the volume control, Ry, to the grid of the 
first audio amplifier. This functions as a conventional triode audio am- 
plifier (see Q. 3.50(a)). The output of this stage drives the audio-power 
amplifier, which operates a loudspeaker. 

(3) As stated above, there is a rectified-negative voltage at the diode- 
plate side of Co. This voltage varies at an audio rate, but its average 
value is proportional to the strength of the carrier wave. If this negative 
voltage is fed back to the control grids of the i-f (and r-f) amplifiers, it 
provides a method of obtaining automatic volume control. 

The basis for efficient automatic volume control is the action of 
the variable-» (remote cut-off) tube. This tube has a control grid which 
is so constructed, that changes of d-c grid bias cause corresponding 
variations in the tube’s transconductance and thus control the gain of 
the i-f (and sometimes also r-f) amplifiers The transconductance de- 
creases as the negative bias increases and vice versa. In the second de- 
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tector, the modulated i-f signal is rectified in such a way that the aver- 
age value of the detector audio output is negative with respect to ground. 
This is accomplished by grounding the cathode of the detector, and tak- 
ing the output from the plate circurt. The average negative audio output 
is put through a long time constant RC filter whose output is a pure, 
negative d-c voltage. This voltage is fed through suitable decoupling 
filters to the grids of the various i-f and r-f amplifiers involved, where 
it becomes all or part of the bias for these tubes. The AVC filter out- 
put is a negative d-c voltage whose magnitude is proportional to the 
average strength of the incoming modulated carrier signal. An increase 
of incoming signal strength creates a larger negative bias on the various 
controlling grids, thereby reducing the overall gain of the receiver and 
providing a relatively constant output. A decrease of incoming signal 
strength results in a Jess negative bias, an increase in overall receiver 
gain, and again a relatively constant output. 

(b) The amount of AVC voltage developed is approximately propor- 
tional to the signal strength expressed in db. The AVC voltage, there- 
fore, can be a guide in determining the amplification of all the stages 
preceding the 2nd detector. For example, with a relatively strong input 
signal, the AVC voltage should be relatively large. If not, there is the 
possibility of weak tubes, mistuned circuits, etc., in the amplifiers ahead 
of the 2nd detector. In aligning a superheterodyne receiver, advantage 1s 
taken of the AVC voltage by using it as a tuning indicator. In another 
example of a dead receiver, the presence of AVC voltage but no audio 
output would indicate troubles in the audio frequency amplifier(s) of 
the receiver. This of course could be defective a-f tubes or components 
or both. 

(c) The modified circuit to provide delayed-automatic volume control 
(DAVC) is shown in Fig. 3.157(c). Note that the two diodes are now 
connected independently and that cathode bias 1s employed for the 
triode amplifier. The upper diode is used only for detection and the 
lower diode is used only to provide DAVC. 
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D. In the circuit of Fig. 3.157(a), AVC voltage is developed even 
tor very weak signals, causing a reduction in receiver gain and a loss of 
sensitivity. In order to obtain maximum sensitivity for weak signals, it 
is desirable to have zero AVC voltage. However, to maintain constant 
audio output, stronger signals should develop AVC. A DAVC circuit 
provides this action, by delaying the development of AVC voltage until 
the input signal level exceeds a certain pre-determined level. Note that 
the upper-diode circuit returns to the cathode and will detect the weakest 
signals. However, the lower-diode circuit is returned to ground and is 
affected by the triode-cathode bias. Because of the normal conduction of 
the triode section, a positive bias is developed at the cathode. The lower 
diode cannot conduct until the positive peak signal applied to its plate 
exceeds the amount of the cathode bias (1 to 3 volts). Because of this 
“delay” voltage, AVC is not developed for weak signals which develop 
less than the cathode-bias voltage at the lower-diode plate. However, for 
signals strong enough to cause lower-diode conduction, DAVC voltage 
is developed and regulates the receiver gain in the same manner as un. 


delayed AVC. 


Q. 3.158. Draw a BFO circuit diagram and explain its use in detec- 
tion. 


A. For the diagram, see the accompanying figure, Figure 3.158. 
The main function of a beat frequency oscillator is to make it possible 
to hear code (A-1) reception clearly. Code which is not tone modulated 
would otherwise be heard at the output of a receiver as a series of hiss- 
ing sounds or perhaps “thumps,” which would be very difficult to in- 
terpret and easily obscured by noise. When the beat frequency oscillator 
is turned on, a high pitched audible note is produced which is relatively 
easy to “read.” 
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Fig. 3.158. Schematic diagram of a beat-frequency oscillator 
(electron-coupled Hartley). 
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A beat frequency oscillator may also be utilized in the detection of a 
single-sideband suppressed-carrier signal. See Q. 3.154. 


Q. 3.159. Explain, step-by-step, how to align an AM receiver using 
the following instruments. In addition discuss what is occurring during 
each step. 

(a) Signal generator and speaker. 

(b) Signal generator and oscilloscope. 

(c) Signal generator and VT'VM. 


A. Regardless of whether a speaker, oscilloscope, or VTVM is used, 
the alignment procedure remains the same. Since a sweep generator is 
not mentioned, the signal generator to be used will be an amplitude- 
modulated CW generator. It must be assumed that the generator is prop- 
erly calibrated and that the receiver is drastically out of alignment. When 
the speaker is used, the ear is the indicating instrument and no special 
connections to the speaker are required. 

In using an oscilloscope, there are several points at which it may be 
connected to monitor the demodulated signal generator signal. One con- 
venient place would be across the voice-coil terminals of the speaker. 
When a VTIVM is used (dc type) it is convenient to connect it to the 
AVC bus or across the second detector load resistor. In the event an a-c 
VTVM is available, this may be connected across the speaker-voice coil 
terminals. If the AVC voltage is not being monitored, the AVC bus 
should be grounded or held at a nominal fixed bias with a battery. This 
prevents false indications of alignment due to AVC action. Regardless 
of the indicating device used, a maximum indication is the sign of proper 
alignment. The alignment procedure follows: 

1. Connect the indicating instrument as described above and proceed 
with the I-F alignment. A common I-F frequency of 455 kilohertz 1s 
assumed in this case. 

a. Set the generator to 455 kilohertz and connect through a small 
capacitor (0.01 ,F) to the grid of the last I-F stage and ground. Set the 
generator for minimum usable output and peak the primary and sec- 
ondary windings for maximum indication of the instrument being used. 

b. Move the generator to the grid of the next-to-last I-F stage and 
peak the adjustments of its transformer. 

c. In a like manner, all additional I-F transformers are peaked. It 
will be necessary to reduce the generator output as each additional stage 
is aligned, to prevent overloading of the amplifers. A minimum possible 
generator output should always be employed. 

d. The last I-F transformer to be aligned is the one in the plate cir- 
cuit of the mixer. In this case, the generator is connected to the grid of 
the mixer (which is not tuned to the I-F frequency). At this point it 1s 
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necessary to increase the generator output to obtain a usable alignment 
signal. 

2. After completing the I-F alignment, the R-F alignment, should 
be undertaken. Connect the test oscillator between the antenna terminal 
and ground, using a small capacitor in series with the ungrounded lead. 
Proceed as follows: ? 

a. Set the signal generator and the receiver dial to 1400 kilohertz. 

b. At 1400 kilohertz first adjust the oscillator trimmer to obtain 
maximum indication. 

Note: Do not attempt to adjust the low frequency “padder” ad just- 
ment at this time and always use the minimum possible generator output. 


c. Next adjust the mixer and r-f trimmers for maximum response. 

d. Tune the receiver dial and the signal generator to 600 kilohertz. 

e. Adjust the oscillator and low-frequency tracking trimmer for maxi- 
mum response. 

t. Repeat steps a through e above to achieve the optimum alignment. 


D. What is being accomplished in each step of the alignment when 
tuning for maximum response is that the circuits involved are being 
caused to resonate at their individual frequencies. Thus, the gain of the 
stages are being increased due to the increased impedance of the resonant 
circuits. The increased gain causes the generator signal to be amplified 
more, providing a greater output indication. In the case of using the 
AVC voltage for an indication, the greater the gain of the stages, the 
higher the signal applied to the AVC detector. This results in a greater 
negative voltage being applied to the AVC bus. (Again, a maximum 
response indication. ) 


Q. 3.160. What would be the advantages and disadvantages of utiliz- 
ing a bandpass switch on a receiver? 


A. (a) Advantages. The advantage of utilizing a bandpass switch 
is to reduce the I-F bandpass of a receiver. In so doing, the selectivity 
of the receiver is considerably improved. This characteristic js highly 
desirable in receiving signals from stations operating in a crowded spec- 
trum. It permits separation, and therefore the intelligible reception of 
signals which might otherwise be lost in the confusion of overlapping 
channel signals. 

(b) Disadvantages. The disadvantage of utilizing a bandpass switch 
is that sideband frequencies of either voice or music broadcasts will be 
sharply reduced, thus reducing the intelligibility of speech and music. 
However, in some cases using the bandpass switch is the only way to 
achieve any reception at all of the desired signal. 


D. By the use of regenerative I-F circuits, a controllable bandpass 
characteristic may be achieved. This can cut the I-F bandpass to as 
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low as 1000 hertz for use under extremely difficult signal crowding and 
noise conditions, Since good double-sideband voice reproduction nor- 
mally requires about a 6000 hertz bandpass, it is obvious that the intel- 
ligibility of voice (and music) will be considerably reduced. However, 
this technique frequently permits a signal to be received which might 
otherwise be covered up by interference. Since noise frequencies occupy 
the entire spectrum, it is seen that the sharper the bandpass, the less 
the noise energy that will be passed to affect the listener. In receivers 


used for code reception, a crystal-type I-F filter is frequently employed. 


With this type of filter, a bandpass of only 100 to 200 hertz is passed. 
This bandwidth is adequate for code, but useless for voice or music 
reception. 


Q. 3.161. Explain sensitivity and selectivity of a receiver. Why are 
these important quantities? In what typical units are they usually ex- 
pressed? 


A. (a) Sensitivity: Sensitivity is the strength of the signal, in micro- 
volts, at the input of the receiver required to produce a specified audio- 
power output. 

(b) Selectivity: Selectivity is the ability of a receiver to discriminate 
against frequencies other than the desired frequency. 

(c) Sensitivity is an important quantity because it defines the ability 
of a receiver to respond adequately to a weak-input signal. 

(d) Selectivity defines the ability of a receiver to select a desired 
signal, which may be hemmed in by adjacent frequency (undesirable) 
signals. 

(e) Sensitivity is expressed in microvolts for a certain audio output 
power. 

(f) Selectivity is expressed in cycles or kilocycles, usually in terms of 
the i-f response curve of the receiver. The i-f response curve is basically 
“Vv” shaped, being narrow at the maximum-response point and wider 
at the minimum-response point. Thus, it is necessary to state at what 
point bandwidth is to be measured. This point differs according to the 
purpose of the measurement. However, for general purposes, the i-f 
bandwidth is measured at points 3 dB (.707) down from the maximum. 


FREQUENCY MODULATION 


Q. 3.162. Draw a schematic diagram of a frequency-modulated oscil- 
lator using a reactance-tube modulator. Explain its principle of operation. 


A. (a) For the diagram, see Fig. 3.162(a). 
(b) The reactance tube operates as it does because an ordinary vac- 
uum tube may act as an inductive or capacitive reactance. Furthermore 
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Fig. 3.162(a). A capacitive reactance tube modulator. 


the magnitude of reactance may be caused to vary in direct relationship 
to the speech or music which originates at the microphone. If the re- 
actance tube is connected to the tank circuit of an oscillator, it is then 
possible to cause the frequency of the oscillator to vary in accordance 
with the modulation signal. There are several variations of the reac- 
tance tube, but only one type will be explained here. The remaining 
types are basically similar in operation. A basic diagram of a capaci- 
tive reactance tube modulator is shown in Figure 3.16Z(b). The 
oscillator tank circuit is made up of L and C which determines the 
normal frequency of the tank circuit according to the formula f = 


1 
2r\V/ LC 
cause a decrease of frequency, and that a decrease of L or C will cause 
am increase of frequency. The reactance tube V, is effectively in par- 
allel with the tank, since Cy can be considered to be a short circuit at 
tank frequency. If a capacitance as represented by V is placed across 
the tank and caused to vary at an audio rate, then the total tuning 
capacitance which is made up of C plus V; will cause the oscillator 


. This formula shows that an increase of either L or C will 
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Fig. 3.162(b). Means of modulating an FM transmitter. 
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frequency to vary at the same audio rate. If it can be shown that the 
a-c plate current of V, leads the a-c plate voltage by 90 degrees, then 
V, represents a capacitive reactance. The a-c tank voltage is desig- 
nated as E;. It will be seen that E; is also the a-c plate voltage ot Vy, 
since it is effectively applied between plate and cathode. (Cy is effec- 
tively a short.) In the vector diagram, E; is used as the reference. Due 
to the applied voltage E;, a current J; is caused to flow through the 
series circuit C,—R,. These are so proportioned that the reactance of 
C, is made to be many times greater than the resistance R;. Since the 
two are in series and the reactance predominates, we may consider C, 
—R, to be a capacitive circuit. Therefore, the current J, will lead EF; 
by 90 degrees. Remember that this current J, flows through both C, 
and R, in the same phase. The grid signal of V; is the voltage which 
is developed across Ri, or in other words the JR drop across R;. How- 
ever, this JR drop is in the same phase as [,, which is leading the a-c 
plate voltage of V1 by 90 degrees. Thus, as shown in the vector dia- 
gram, the a-c grid voltage is leading the a-c plate voltage by 90 degrees. 
Since the a-c plate current follows the a-c grid voltage in phase, it 1s 
apparent then that the a-c plate current also leads the a-c plate voltage 
by 90 degrees. Thus the tube appears to be a capacitive reactance in 
parallel with the oscillator tank circuit. The magnitude of this reac- 
tance is a function of the amount of a-c plate current which flows. We 
Er 
I, 
(which would happen on the positive swing of an audio wave applied 
to the grid), the X, of V; would correspondingly decrease and this 
would be equivalent to an increase of shunt capacitance across the tank, 


’ l 
since X, =—— sand therefore C = 


2nfC dnfX¢ 
pacitive reactance is equivalent to an actual increase of capacitance. 
Since this capacitance is added in parallel with the tank capacitance, 
it would cause the oscillator frequency to decrease. Therefore, the 
amount of frequency decrease would depend upon the amplitude of 
the positive swing of audio grid signal. The greater the amplitude of 
audio grid signal, the greater would be the effective increase of capa- 
citance and the greater the decrease in frequency. On the other hand 
let us take the negative swing of the audio cycle acting upon the grid 
of V;. This would cause a decrease in a-c plate current and therefore 
X. of V; would appear larger. This is equivalent to a decrease in the 
shunting capacitance and to an increase of oscillator frequency. It 
should be remembered that the rate at which the oscillator frequency 
changes is a function of the audio frequency only and not of its am- 
plitude. The amplitude of the audio determines only the amount of 
frequency change or deviation. 
A solid-state version of an FM modulator is shown in Fig. 3.162(c). 
This circuit employs a varactor diode, whose capacitance varies with 


can say that X. = . Thus if the a-c plate current should increase 


. That is, a decrease of ca- 
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Fig. 3.162(c). A varactor (variable-reactor ) FM modulator. 
The varactor performs as an audio-controlled, variable capacitance 
across the L-C tank circuit. 


the voltage impressed across it. The varactor is reverse-biased to the 
center of its linear characteristic, in order for it to function as a variable 
capacitance. This reverse bias is supplied by the voltage divider con- 
sisting of R2 and R3. The audio modulation signal, applied through 
the transformer T1, is impressed across the varactor and causes it to 
change its effective capacitance. The amount of capacitance change (and 
frequency change) is proportional to the amplitude of the audio signal, 
while the rate of change is proportional to the audio frequency. Thus, 
since the varactor capacitance is across the oscillator tank circuit, a 
frequency-modulated wave is produced. 


Q. 3.163. Discuss the following in reference to frequency modulation. 

(a) The production of sidebands. 

(b) The relationship between the number of sidebands and the modu- 
lating frequency. 

(c) The relationship between the number of sidebands and the ampli- 
tude of the modulating voltage. 

(d) The relationship between percent modulation and the number of 
sidebands. 

(e) The relationship between modulation index or deviation ratio and 
the number of sidebands. 

(f) The relationship between the spacing of the sidebands and the 
modulating frequency. 

(g) The relationship between the number of sidebands and the band- 
width of emissions. . 

(h) The criteria for determining the bandwidth of emission. 

(i) Reasons for pre-emphasis. 


A. (a) When a sine wave is frequency modulated, its instantaneous 
frequency is varied according to the intelligence to be transmitted. The 
modulated wave consists of components made up of the original sine 
wave plus additional sine waves. These additional sine waves are of dif- 
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ferent frequencies from the original wave and are called sidebands and 
are symmetrically arranged above and below the original wave or carrier. 

(b) For a given frequency deviation, the number of sidebands is in- 
versely proportional to the modulating frequency. For example, for a 
frequency deviation of plus or minus 75 kilohertz and a modulating 
frequency of 15,000 hertz, there will be five significant sidebands on 
each side of the carrier. With a modulating frequency of 150 hertz and 
the same deviation, there will be 500 significant sidebands on each side 
of the carrier. 

(c) For a given modulating frequency, the number of sidebands is 
directly proportional to the amplitude of the modulating voltage. That 
is, if the modulating voltage is tripled, the number of sidebands is also 
tripled. 

(d) In FM broadcast service, one hundred percent modulation is de- 
fined as the modulating condition producing a frequency deviation of 
plus or minus 75 kilohertz. The number of sidebands produced, for any 
given modulating frequency, is directly proportional to the percent 
modulation. 

(e) For any given modulating frequency, the number of significant 
sidebands is directly proportional to the modulator index or deviation 
ratio. [See also Discussion under (a).} 

(f) The sidebands produced by frequency modulation are separated 
from one another by a frequency that is equal to the modulating fre- 
quency. The sidebands adjacent to the carrier are also separated from 
it by an amount equal to the modulating frequency. 

(g) The total number of significant sidebands multiplied by the mod- 
ulating frequency equals the total significant bandwidth of emission. 
There are sidebands extending beyond this, but they are insignificant 
and contain so little power or energy that they are considered negligible. 

(h) The criteria for determining the bandwidth of emission are the 
modulation index and the modulating frequency. The product of the 
modulation index and the frequency of modulation equals the fre- 
quency deviation. The bandwidth of emission is twice the sum of the 
frequency deviation and the modulating frequency. 

(i) In speech and music very little energy is contained in the fre- 
quencies at the upper end of the audio frequency range. However, even 
though such components represent very little energy, they are extremely 
important to the naturalness of speech as they give definition to the con- 
sonants and add to the identification of the different types of musical 
instruments. Normally, these high frequency components will be lost in 
transmission because of masking by noise unless some way is found to 
make them override such circuit noise. One way of accomplishing this 
is to amplify these components more than the low frequency sounds be- 
fore introducing the complete audio signal to the modulating circuits 
of the FM transmitter. This process is termed pre-emphasis—that is, the 
high frequencies are emphasized before modulation and thus represent 
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more energy during transmission. At the receiver, in order to restore 
these components to their original amplitude relationship with the low- 
frequency components, it is necessary to reverse the process after detec- 
tion. This latter process is termed de-emphasis. 


D. (a) The “modulation index” is the ratio of the amount of frequency 
deviation to the audio modulating frequency causing the deviation. 
“Deviation ratio’ is simply a special case of modulation index and is 
defined as the ratio of the maximum permissible frequency deviation 
to the maximum permissible audio modulating frequency. Examples of 
three different deviation ratios follow. 

For a standard FM broadcast station the maximum permissible de- 
viation is 75 kilohertz above or below the average; while the maxi- 
mum permissible audio modulating frequency is equal to 15 kilohertz. 
Therefore the “deviation ratio” for a standard FM station is equal to 
“5 or 5. The FM sound carrier of a television transmitter has a 
maximum deviation of plus or minus 25 kilohertz. The ‘deviation 
ratio’ in this case is 2545 — 1.667. 

In the case of narrow-band FM used in Public Safety Radio Services, 
the maximum deviation is 5000 hertz and the maximum audio fre- 
quency is 3000 hertz. Therefore, the deviation ratio for this service 
is 5000/3000 = 1.667. 

(b) In pre-emphasis, the higher audio frequencies in the modulating 
stages of an FM transmitter are overamplified with respect to their 
value and in relation to the lower audio frequencies. 

Refer to Fig. 3.163(a). Studies have demonstrated that the noises 
which are most irritating to the listener are those which are concen- 
trated in the upper end of the audio frequency spectrum. It is also 
true that these high audio frequencies represent very little energy as 
compared to the low frequencies. Thus it is possible in the audio 
stages of an FM transmitter to over-amplify the high audio frequencies 
without much danger of overmodulating the transmitter. In this case 
overmodulation would mean a deviation in excess of +75 kilohertz. 
Since there are guard bands of +25 kilohertz in each FM channel, 
occasional overmodulation would not be too serious. A practical cir- 
cuit to produce pre-emphasis is shown in Figure 3.163(a). The im- 
portant part of this circuit is the parallel network R;—C, which is 
in series with resistor Ry. R; — Cy, is in effect a high pass filter. At 
low frequencies where C, is practically an open circuit, we have a vol- 
tage divider made up of R, and R,. Only a small portion of the input 
appears across RK, at low frequencies. As the frequency increases how- 
ever, the impedance of the parallel network becomes less, and more of 
the input signal appears across R,. Example: At 60 cycles, the reac- 
tance of C; is 2,670,000 ohms and the parallel combination of R; — C, 


is then 75,000 ohms. The amount of signal now appearing on the grid 
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Fig. 3.163(a). A standard pre-emphasis network. 


Rg 2000 
——“___-= FE, X = = 250 
Re RNS 7 000 Eee 

At 15,000 cycles the reactance of C; is about 10,000 ohms. The par- 
allel impedance of R;—C, is now about 8800 ohms, and the signal 

. ae 2000 

voltage which appears on the grid is e, = E, x 70.800 E, X; 18.)/5° 
This means that 15,000 hertz will be amplified about 7 times more 
than 60 hertz. The time constant for a pre-emphasis network such as 
R; —C, is standardized by the F.C.C. at 75 microseconds, = 0.001 
(uF) < 75,000 (ohms). A standard pre-emphasis chart is shown in 
Figure 3.163(b), and it should be noted here that the gain remains 
substantially constant until about 800 hertz. From then on it continues 
to rise until a maximum of 27 dB is reached at 15,000 hertz. (Ratio of 
17dB is 7:1 approx.) The fact that the higher audio frequencies are 


thus overemphasized makes it possible to override much of ‘the high 
frequency noises which are picked up enroute to and within the re- 
ceiver. However, in order to obtain the full benefits of this system and 
regain the correct tonal values a de-emphasis network must be incor- 
porated into the FM receiver. 

(c) Refer to Figure 3.163(c). The purpose of a de-emphasis circuit is 
to restore the over-amplified high frequencies to their correct value, and 
at the same time to greatly reduce the high frequency noise output of 
the receiver. 

Actually the deemphasis circuit is the exact opposite in its char- 
acteristics to the pre-emphasis circuit. Where the pre-emphasis circuit 
amplifies high frequencies, the de-emphasis circuit attenuates them. 
For example the gain at 15,000 cycles is overamplified about 7 times 
by pre-emphasis. In the receiver it is attenuated by the same factor of 


is, @, = E, 
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Fig. 3.163(b). A standard pre-emphasis chart. 


7, thus returning the 15,000-hertz tone to its correct amplitude in com- 
parison with low frequencies. Where the pre-emphasis circuit was a 
high-pass filter, the de-emphasis circuit is a low-pass filter. A simple 
de-emphasis circuit is shown in the figure. This network is usually 
found between the FM detector and the first audio amplifier. The time 
constant of a de-emphasis circuit is also 75 microseconds. It will be 
noted that the de-emphasis circuit works on the principle of a voltage 
divider with only that portion of the audio developed across C; being 
transmitted to the audio amplifier. At high frequencies the reactance 
of C; will be low and not much signal will be developed across 
C,. For example at 16,000 hertz the reactance of C, is about 10,000 
ohms. The series impedance of C, and R, equals 


V R?+Xa? = Vv 75,0002-+10,0002=75,700 ohms. 

The amount of voltage developed across Cy is 
Xe1 Bs 10,000 
NRE EIS ey ne re 00 


= B, Xa3ioem 
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Fig. 3.163(c). A de-emphasis circutt. 


At 60 hertz the reactance of C, is 2,654,000 ohms and the series im- 
pedance of C, and R, equals W/R?+X.42 = /75,000?+ 2,654,000? 
— 2,655,000. The amount of voltage developed across C, is E,y = E, xX 

Xe1 a 2,654,000 
N/ Re Nate mete ype es0P 9,000 
7 times more signal than for 16,000 hertz. Thus it is seen that the de- 
emphasis circuit works in exactly the opposite manner to the pre-em- 
phasis circuit. It must be remembered that at the same time the high 
frequencies are attenuated, all high frequency noises are also attenuated 
by the same degree, and it is here that the greatest noise reduction 
takes place. It should also be borne in mind that while the high fre- 
quencies are being attenuated, they are simply being returned to their 
normal value and are not being suppressed in any way. After leaving 
the deemphasis circuit, the audio signal is fed into a standard audio 
amplifier. 

(d) The percentage of modulation of an FM station is primarily de- 
termined by the amplitude of the audio tone. For a standard FM broad- 
cast station, 100°4 modulation is obtained for a modulation tone which 
causes a deviation of plus and minus 75 kilohertz. For any given audio 
tone, an increase of amplitude causes a proportional increase in the 
amount of frequency deviation. 

(ce) The rate of frequency swing of an FM broadcast station depends 
upon the tone frequency of the modulating signal. The rate at which the 
carrier deviates (swings) is a direct function of the audio frequency. 
Thus for an audio frequency of 10,000 hertz the carrier will deviate (or 
swing) at the rate of 10,000 times per second. 

(£) One FM channel is 200 kilohertz wide. Of the allotted 200 kilo- 
hertz, 150 kilohertz is to be used for the actual transmission, while a 
guard band of 25 kilohertz is established on either end of each channel. 
The FM broadcast channels are allotted frequencies from 88 to 108 mega- 
hertz. The last FM channel has a center frequency of 107.9 megahertz. 


= E, X 100°4 which is approximately 


Q. 3.164. How is good stability of a reactance tube modulator 
achieved? 


A. In addition to the stability achieved by normal good design of 
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the self-excited oscillator employed as a reactance tube modulated oscil- 
lator, further stability is obtained by operating the oscillator at a low 
radio frequency. The oscillator’s operating frequency is at an integral 
submultiple of the desired antenna frequency. The oscillator is followed 
by frequency multipliers sufficient to obtain the desired final frequency. 

A further advantage in stability is gained by operating the oscillator 
at a low frequency. This is because the frequency deviation, and hence 
the modulation index, is multiplied by the same factor as the carrier 
frequency when the signal is passed through frequency multiplying 
stages. Because of the low frequency deviation required, the effect of 
the reactance tube modulator on the stability of the oscillator is de- 
creased. 


REACTANCE 
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MODULATOR 


SELF; 


ERROR VOLTAGE seni ee TO - 
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a lg 
TRANSMITTER 
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FREQUENCY 
DIVIDERS 
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DETECTOR 


FREQUENCY 
DIVIDERS 


Fig. 3.164. Simplified block diagram of an AFC system used to 
stabilize a reactance-tube modulator. 


D. Any self-excited oscillator, no matter how carefully designed is 
subject to some frequency drift. In addition, any variation in the para- 
meters of the reactance tube will cause the oscillator to change frequency. 
To insure a completely stable reactance tube and oscillator, it is cus- 
tomary to employ an AFC system whose reference is an extremely stable 
crystal oscillator. A simplified block diagram of such an AFC system is 
shown in Fig. 3.164. The phase detector receives signals (divided 
in frequency) from both the crystal oscillator and the self-excited oscil- 
lator. The two signals are compared in the phase detector. If the fre- 
quency of the self-excited oscillator differs from that of the crystal 
oscillator, the phase detector develops a d-c error voltage which is fed 
to the reactance-tube modulator. This error voltage is of the correct 
polarity to bring the self-excited oscillator to its correct frequency. As 
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the oscillator approaches the correct frequency, the amplitude of the error 
voltage will decrease to practically zero. 


Q. 3.165. Draw a circuit diagram of a phase modulator. Explain its 
operation. Label adjacent stages. 


A. (a) For the diagrams, see Fig. 3.165(a) and Fig. 3.165(b). 


UNMODULATED 90° PHASE : TO 
R-F WAVE SHIFTER LIMITER vals 


| A—F MODULATING 
SIGNAL 


PHASE 
MODULATOR 


_ Fig, 3.165(a). Block diagram of a method of generating a 
phase modulated wave. 


(b) For the explanation of the operation of one type of phase modu- 
lator, refer first to the block diagram of Fig. 3.165(a). An unmodulated 
r-f wave is applied both to the phase-modulator amplifier and to a 90 
degree phase shifter. An a-f modulating signal is also applied to the 
phase-modulator amplifier. The latter signal causes an amplitude-modu- 
_ lated wave to appear at the output of the modulator. This AM wave is 
combined in the output load with the 90 degree shifted, unmodulated 
r-f wave. If the amplitude of the unmodulated wave is much greater than 
that of the AM wave, the resultant r-f will be phase shifted by an amount 
closely proportional to the amplitude of the a-f modulating signal. Thus, 
the resultant r-f output wave will be one whose phase is directly propor- 
tional to the amplitude of the audio modulating signal and a true phase- 
modulated r-f wave will have been produced. 


D. For a more detailed explanation of this phase modulator, refer 
to the schematic diagram of Fig. 3.165(b), and to the vector diagrams 
of Fig. 3.165(c). The numbers shown at the different points of the 
audio-sine wave are keyed to the three vector diagrams. In the schematic, 
an AM wave is developed in the triode and applied to the low-impedance 
tank circuit. This voltage is shown in the vector diagrams as Eg. A 
second voltage, Ej, is phase-shifted 90 degrees in passing through Cy, 
and is also applied to the plate tank circuit. These two voltages combine 
in the tank to produce their vector sum, Eo. Note in the three vector 
diagrams that the amplitude of E, remains fixed while the amplitude 
of Es varies in accordance with the amplitude and polarity of the audio- 
modulating wave. As a result of the variation in amplitude of Es, the 
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Fig. 3.165(b). Phase modulator schematic diagram. 


phase angle of Eo varies in direct proportion to the amplitude and po- 
larity of the audio-modulating wave. In vector diagram (1), the audio 
signal is at zero volts and a quiescent value of phase angle (6) results 
for Eo. In vector diagram (2), the audio wave is at its maximum positive 
value. This results in a higher amplitude of Eg and a decreased phase 
angle (8 —A) for Eo. In vector diagram (3), the audio wave is at its 
maximum negative value, resulting in the minimum amplitude of Ep. 
Note that a greater phase angle for Eo results (8+ A). 

Eo varies not only in phase, but also in amplitude. These amplitude 
variations are removed by the following limiter, leaving only a phase- 
modulated wave. As discussed in the answer above, the amplitude of E; 
is normally much greater than that of Ez. However, to more graphically 
illustrate the phase variations shown in the vector diagrams, these volt- 
ages are shown with comparable amplitudes. 

Although the modulator shown is an unneutralized triode, self-oscilla- 
tion does not occur in the stage. Self-oscillation is avoided by the use of 
a low Q (low impedance) tank circuit and a low value of plate voltage. 
As explained in Q. 3.166, phase modulation produces an equivalent 
frequency-modulation wave. The original phase (and frequency) modu- 
lation deviation is increased to the desired value by frequency multipliers 


Fig. 3.165(c). Vector diagrams and audio modulating signal 
to explain the operation of the phase-shifter modulator. 
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which also raise the carrier frequency to the desired final value. (See also 
Q. 4.89(b).) 

A phase-modulator circuit employing a solid-state varactor (variable 
capacitance) diode is shown in Fig. 3.165(d). The operating prin- 
ciple of this circuit differs from that shown in Fig. 3.165(b). In the 
varactor circuit, a resonant tank circuit is made up of L, C and the 
varactor diode. The varactor is correctly biased (in the reverse direc- 
tion) to the center of its characteristic curve. An audio input is applied 
to the anode of the varactor. This causes the varactor capacitance to 
vary above and below its quiescent value, as established by the dc 
bias. In addition, as shown, the RF wave from the oscillator is ap- 
plied to the resonant tank circuit. 

The RF input from the oscillator is always a single, fixed frequency. 
However, the effect of the audio wave on the varactor causes the tank 
Circuit to be resonant both above and below its quiescent resonant 
frequency. 

When the tank circuit is resonant above its quiescent (and oscillator) 
frequency, it looks like an inductance (inductive current predominates) 
to the RF signal. This produces a leading phase angle of the output 
voltage. 

When the tank circuit is resonant to its normal (center) fre- 
quency (audio voltage passing through zero), it represents a pure 
resistance and no phase shift of the RF wave occurs. 

When the tank circuit is resonant below its quiescent (and oscillator) 
frequency, it looks like a capacitance (capacitive current predominates) 
to the RF signal. This produces a lagging phase angle of the output 
voltage. 

The amount of phase shift is proportional to the amplitude of the 
audio signal, while the rate of phase angle change is proportional to the 
audio frequency. Thus, a phase modulated wave is produced. 
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Fig. 3.165(d). A phase-modulator circuit employing a varactor 
(variable-reactor) diode. (Compare with Fig. 3.162(c).) 
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Q. 3.166. Explain what occurs in a waveform if it is phase modu- 
lated. 


A. When a sine wave is phase modulated it becomes a distorted sine 
wave as illustrated in an exaggerated manner in Fig. 3.166. As a result 
of this distortion, additional frequencies are created and appear in the 
modulated wave as sidebands. 


\. sg PHASE MODULATED 
\ WAVE 


\ 


UNMODULATED 
SINE WAVE 


Fig, 3.166. Effect of phase modulation on a sine wave. 


Since frequency may be expressed as the rate of change of phase, the 
instantaneous frequency of the modulated wave is varied in exact ac- 
cordance with the variation in the rate of change of phase. The net 
result of the foregoing is that phase modulation produces the same sort 
of modulated wave that is produced by frequency modulation. Actually, 
for the same modulating frequency and modulation index, the two 
waves will be identical. ! 3 


Q. 3.167. Explain, in a general way, why an FM deviation meter 
(modulation meter) would show an indication if coupled to the output 
of a transmitter which is phase modulated by a constant amplitude, con- 
stant audio frequency. To what would this deviation be proportional? 


A. Since a phase-modulated transmitter produces a wave that is fre- 
quency modulated, as explained in Q. 3.166 above, an FM deviation 
meter would show an indication because frequency deviation would in 
fact exist. 

The amount of such deviation will be proportional to the amplitude 
and the frequency of the modulating signal, whereas the deviation in 
an FM transmitter is proportional only to the amplitude of the modu- 
lating signal and is independent of its frequency. 


D. As mentioned above, when a wave is phase modulated, the effec- 
tive frequency deviation is proportional to the frequency as well as the 
amplitude of the audio-modulating wave. However, all FM detectors are 


Element III Basic RaDIOTELEPHONE 215 


designed to reproduce an audio wave based upon the amplitude only of the 
original audio modulating signal. As a result, when phase modulation is 
used in an FM transmitter, it is necessary to correct for the effect of 
audio frequency on the effective FM deviation. This is accomplished by 
an audio network (predistorter) which precedes the phase modulator. 
The “predistorter” adjusts the amplitude of the audio-modulating wave 
with respect to its frequency, so that the resultant effective FM deviation 
is proportional only to the amplitude of the audio-modulating signal. 
This is accomplished by making the output voltage of the speech am- 
plifier decrease inversely with respect to the modulating frequency. 


Q. 3.168. Draw a circuit diagram of each of the following stages of 
a phase-modulated FM transmitter. Explain their operation. Label adja- 
cent stages. | 

(a) Frequency multiplier (doubler) with capacitive coupling on input 
and output. 

(b) Power amplifier with variable link coupling to antenna. Include 
circuit for metering grid and plate currents. 

(c) Speech amplifier with an associated pre-emphasis circuit. 


A. (a) For the diagram of a doubler, see Fig. 3.168(a). The opera- 
tion of a frequency doubler is explained in Q, 3.131. The degree of 
coupling to the intermediate power amplifier can be varied by changing 
the position of the tap on the coil or by changing the value of the output 
capacitor. Moving the tap toward the ground end of the tank coil will 
reduce the amount of coupling. 

(b) For the diagram of a power amplifier, see Fig. 3.168(b). For the 
explanation of the operation of an r-f power amplifier, see Q. 3.52(a)(4). 
The degree of coupling to the antenna can be varied by changing the 
position of the small coil with respect to the tank coil. The tuned circuit 
at the other end of the link is resonated to the operating frequency. The 
taps on this coil are adjusted to match the required input impedance 
of the transmission line to the antenna itself. 

(c) For the diagram of a speech amplifier, see Fig. 3.168(c). The 
speech amplifier as shown is a class A transformer-coupled stage and 
its operation is described in Q. 3.50(a). Following the amplifier is a net- 
work to provide pre-emphasis of the higher audio frequencies. 


D. The most general use for a class A amplifier is as a voltage ampli- 
fier, although single-ended power amplifiers which feed speakers must 
also be class A. The average plate efficiency for triodes is about 20%, 
while that of pentodes is about 30 to 35°%. Unlike either class B or C, 
the average plate current and voltage remain constant regardless of the 
magnitude of the grid signal. The grid signal must be so confined that 
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Fig. 3.168. Different stages of phase-modulated FM trans- 
mitter: (a) frequency doubler, (b) power amplifier, (c) 
Speech amplifier. 


it does not cause grid current in its positive swing, or cut off the tube 
in its negative swing. The power amplification ratio is high since no 
gtid current is drawn. 

power delivered to plate load 


Power amplification ratio = WME Le 
power consumed in grid circuit 


Following the speech amplifier in Fig. 3.168(c) is a network to pro- 
vide “pre-emphasis” of the higher audio frequencies. Details of this net- 
work and its operation are given in Q. 3.163. 


Q. 3.169. Discuss wide-band and narrow-band reception in FM voice 
communication systems with respect to frequency deviation and band- 


width. 
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A. It has been shown that the highest audio frequency used in voice 
communication may be limited to about 3,000 hertz without seriously 
impairing the intelligibility of the speech. In standard FM broadcasting 
(88 — 108 MHz) a deviation ratio of five is employed to provide the 
desired dynamic range. With a maximum transmitted audio frequency 
of 15,000 hertz, the maximum deviation will be 75 kHz. However, in 
narrow-band FM, the deviation ratio is commonly ome so that the devia- 
tion may be limited to the audio frequency, or to plus and minus 3,000 
hertz. This is a considerable advantage over wide-band FM when many 
stations must operate within a crowded spectrum. In a narrow-band FM 
system, the FM receiver is also a narrow-band device. This not only im- 
proves the sensitivity and selectivity of a receiver with a given number of 
stages, but also makes it possible to improve the signal-to-noise ratio of 
the system. This is so because noise occupies the entire radio spectrum 
and the narrower the bandwidth of reception, the less noise energy will 
be delivered to the receiver output. Actually, for a voice-communications 
system, which requires limited frequency response and limited dynamic 
range, there would be no significant advantage in employing wide-band 
FM. On the contrary, this would require a greater deviation ratio, neces- 
sitating more complex modulating and multiplying circuits. In addition 
a much wider channel bandwidth would be required and fewer stations 
could be accommodated in a given spectrum assignment. A more com- 
plex receiver for an equal distance of communication would also be re- 


quired for wide-band FM. 


D. Narrow-band FM may be generally defined as FM whose side- 
bands do not occupy a bandwidth greater than an AM signal which has 
the same audio-modulating frequencies. If single-tone, narrow-band FM 
is employed, the modulation index may not exceed about 0.6 if the band- 
width is not to exceed that of an equivalent AM signal. However, if 
speech modulation is used, a complex waveform is produced. In this 
waveform, the energy distribution is such that the modulation index is 
reduced fcr any single frequency component. Therefore, in the case of 
speech modulation, a somewhat higher modulation index (1.0) may be 
employed with no increase in bandwidth over single-tone modulation 
with a lesser modulation index. 

In a radio communication system, the primary object of the sys- 
tem is the transfer of intelligence by voice. A high signal-to-noise 
ratio is desirable in voice reception, but an increase of this ratio above 
a certain definite value will not improve the readability of the received 
signal. For carrier wave strengths below a certain minimum value, a 
low-deviation system will produce a greater signal-to-noise ratio than 
a high deviation system. The optimum frequency deviation for an 
FM system which is designed to obtain maximum distance for com- 
plete readability corresponds to a deviation ratio of one. Since voice 
frequencies are not generally of importance above 3000 hertz, a deviation 
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ratio of one means that the peak deviation frequency will be equal to 
3000 hertz. (See also Q. 3.163 (e) through (h), Q. 3.167, and Q. 4.59.) 


Q. 3.170. What might be the effect on the transmitted frequency if 
a tripler stage in an otherwise perfectly aligned FM transmitter, were 
slightly de-tuned? 


A. The tank circuit of such a tripler would present a reactive im- 
pedance to the plate of the tube instead of a resistive impedance. The 
value of such a reactive impedance and the resulting phase angle will 
depend on the frequency at any instant. Since the instantaneous fre- 
quency varies during modulation, the detuned tripler stage will inject 
an additional phase modulation component into the frequency modu- 
lated wave. When such a wave is finally detected at the receiver the 
additional frequencies will be present at the output along with the orig- 
inal frequencies. Such unwanted frequencies represent interference and 
noise. 


D. When a tank circuit of reasonable Q (10 or more) is tuned to 
resonance, it presents a resistive impedance to the driving source (gen- 
erator). However, if the tank is tuned to resonate either above or below 
the driving frequency, it will present either an inductive or capacitive 
reactance, respectively. The reactance presented by the detuned tank will 
depend upon the instantaneous frequency fed to it by the FM wave. For 
each frequency fed to the tank, an additional phase shift will occur. 
Thus, an extra phase modulation component will be added to the original 
FM wave, producing a distortion and interference component which will 
appear after detection at the receiver. 


Q. 3.171. Could the harmonic of an FM transmission contain intel- 
ligible modulation? 


A. The harmonics of FM transmission do contain intelligible modu- 
lation, the only difference between them and the fundamental is the 
increased deviation. The deviation is multiplied by the order of the 
harmonic. 


D. In the usual FM transmitter, the carrier wave is generated at a 
relatively low r-f frequency. In addition, this low-frequency carrier is 
frequency modulated at a low deviation ratio. By means of frequency 
multipliers in the transmitter, both the deviation and the carrier are 
brought to the desired waveforms. (See Q. 4.89(b).) A harmonic output 
from the FM transmitter would merely continue this process. For exam- 
ple, consider an FM narrow-band transmitter operating at 31 MHz with 
a deviation of plus and minus 3 kHz. At the second harmonic of the 
radiated wave, the carrier would have a frequency of 61 MHz and a 
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deviation of plus and minus 6 kHz. This harmonic wave contains the 
same intelligence as the fundamental and this intelligence may be re- 
covered in an FM receiver tuned to 61 MHz and having a bandwidth 
of about 6 kHz (or more). 


Q. 3.172. Under what usual conditions of maintenance and/or re- 
pair should a transmitter be retuned? 


A. If tubes, RF components or RF leads are involved or disturbed 
during maintenance or repair, the transmitter should be retuned. Main- 
tenance and/or repair of the power and control circuits normally do not 
require such retuning. _ 


D. See Q. 3.176(b) and (c). Note that retuning of the transmitter 
can be performed only by a person holding a second or first class opera- 
tor’s license. See Q. 4.110 through 4.114 for discussion of some FCC 
Rules and Regulations pertaining to the performance of FM broadcast 
stations. See also R & R 73.254 through R & R 73.269 in Appendix I for 
further information. 


Q. 3.173. If an indirect FM transmitter without modulation was 
within carrier frequency tolerance, but with modulation out of tolerance, 
what would be some possible causes? 


A. In the indirect or Armstrong system of frequency modulation, 
the actual modulation is obtained by employing a balanced modulator to 
produce sidebands, only, to be combined with the carrier only after the 
carrier has been shifted in phase by 90°. The carrier, during modulation, 
is defined as the average frequency of the whole spectrum emitted. The 
most probable cause of the average frequency being out of tolerance 
during modulation is the balanced modulator not being balanced. Such 
an event would result in the production of unequal sidebands which 
would have the effect of shifting the average frequency upward or down- 
ward. Without modulation, the average frequency or carrier would be 
unchanged in frequency because the sidebands being added to it at this 
time are zero. 


D. As explained in Q. 3.89 and Q. 3.98, two causes of oscillator fre- 
quency changes are supply voltage changes and oscillator loading varia- 
tions. If the circumstances in the transmitter are such that either of these 
effects can be caused by the application of modulation, then carrier 
frequency changes may occur only in the presence of modulation. Sup- 
ply voltage changes may occur due to a defective regulated power supply 
or defective decoupling circuits. Oscillator loading changes may occur 
due to a mistuned or defective buffer stage or to a defective phase mod- 
ulator. 
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Q. 3.174. In an FM transmitter what would be the effect on antenna 
current if the grid bias on the final power amplifier were varied? 


A. Normally, the final power amplifier of an FM transmitter. is 
operated Class C. With such an amplifier, a change in its grid bias will 
produce a change in its output power and hence a change in the antenna 
current. Usually, a decrease in grid bias will increase the power output 
with an attendant increase in antenna current. An increase in grid bias 
will have just the opposite effect. Both of these effects can take place 
only over a rather limited range. 


D. In the answer above, it was assumed that most of the bias was 
supplied from a fixed source. It is also possible to supply a considerable 
portion of the bias as “grid-leak bias” (see Q. 3.121). In this event there 
is a “self-regulating” effect on the antenna current if the driving signal 
varies between narrow limits. In this case, if the driving signal drops, 
the grid-leak bias decreases and causes an increase in amplifier gain 
which tends to maintain a constant output. If the driving signal increases, 
the grid-leak bias increases, decreasing amplifier gain, and again tending 
to maintain constant output. Outside of these limits however, the antenna 
current will tend to follow the amplitude of the driving signal. 


Q. 3.175. Explain briefly, the principles involved in frequency-shift 
keying (FSK). How is this signal detected? 


A. (a) Frequency-shift keying (Fl emission) is a means of keying a 
radiotelegraph transmitter by changing the frequency of its output when 
the key is depressed, rather than turning the transmitter on and off dur- 
ing keying. It may be accomplished by connecting a keyed reactance tube 
across the master-oscillator so that the resonant frequency is changed by 
about 850 hertz as keying takes place. Frequently, the shifted oscillator 
is at a low frequency and is only shifted a small amount to maintain 
good stability. The shifted oscillator frequencies are multiplied to obtain 
the final output frequency and the desired frequency shift. 

(b) One scheme of detection which may be employed either for the 
aural reception of Morse code or to operate a radioteletype machine is 
shown in block diagram form in Fig. 3.175. The frequency-shift keying 
(FSK) signal passes through the usual receiver r-f and i-f circuits and 
is applied to the receiver detector together with the signal from a beat- 
frequency oscillator (bfo) (see Q. 3.158). The bfo is adjusted to hetero- 
dyne with the i-f to produce a ‘‘mark”’ signal of 2125 hertz and a “‘space” 
signal of 2925 hertz for a difference of 850 hertz. These are fed through 
individual filters to eliminate all other spurious frequencies. The output 
of the “mark” filter may be used directly or fed through an audio ampli- 
fier for aural copying of Morse code, since the dot and dash information 
is carried entirely by the “mark” signal. For operation of a radioteletype 
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printer, the “mark” and “space” signals are fed to grid-leak detectors 
and current amplifiers, the output of which is used to operate the printer. 

D. Frequency shift keying has several important advantages over 
“on-off” keying as follows: 

1. A reduction of transmitted bandwidth, especially for high speed 
(machine) keying. 

2. An increase of signal-to-noise ratio at the receiving end. 


3. A possible reduction of fading. 
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Fig, 3.175. Simplified block diagram of recetving circuits 
for frequency-shift keying for aural reception of Morse code, 
or operation of a radioteletype printer. 


When a transmitter is being keyed, frequencies other than the car- 
rier frequency are radiated. These are called sidebands and their rela- 
tive amplitude and frequency depend largely upon the rate of keying, 
and the shape or configuration of the keyed characters. If the 
keyed characters have a square shape, the side frequencies will extend 
out on each side of the carrier for great distances. On the other hand, 
if the keyed characters can be rounded off and kept that way during 
transmission, the sidebands will be greatly attenuated. Rounding of the 
keyed characters in “on-off” keying cannot be easily accomplished, 
since clipping and limiting in class C amplifiers effectively squares up 
any rounding-off which might have been originally produced. 

In frequency-shift keying, rounding may be accomplished by passing 
the square characters through a suitable low-pass filter. The keying 
stage produces frequency modulation of the output, and the rounded 
characters are able to retain their original shape. ! 

At the receiving end a considerable increase in signal-to-noise ratio 1s 
noted in frequency-shift keying. The main reason for this is the fact 
that a carrier is always present (although shifted) and noise pulses are 
not able to actuate the signal recorder of the receiving equipment 
readily. 

The possible reduction of fading is due to the fact that the energy 
in the transmitted wave is distributed over a band of frequencies, each 
frequency of which may have somewhat different fading characteristics. 
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An FSK signal may be passed through a limiter (or limiters) and de- 
tected by an FM discriminator. In this manner the noise reducing ad- 
vantage of FM may be employed. However, in this case, the discrimi- 
nator must use a d-c coupled audio output to provide a d-c output when 
the keying is stopped on either “space” or “mark.” 


Q. 3.176. Assume you have available the following instruments: 
A-C/D-C VTVM 
Ammeter 
Heterodyne frequency meter (0.0002% accuracy) 
Absorption wave meter 
FM modulation meter — 


Draw and label a block diagram of a voice modulated (press-to-talk 
microphone), indirect (phase modulated) FM transmitter having a crys- 
tal multiplication of 12. 

(a) If the desired output frequency were 155.460 MHz, what 
would be the proper crystal frequency? 

(b) Consider the transmitter strip completely de-tuned; there are am- 
meter jacks in the control grid circuits of the multipliers and the control 
grid and cathode circuits of the final circuits of the final amplifier. Ex- 
plain, in detail, step-by-step, a proper procedure for tuning and aligning 
all stages except plate circuit of final power amplifier (PA). 

(c) Assume a tunable antenna with adjustable coupling to the plate 
circuit of the final PA. With the ammeter in the cathode circuit of the 
PA and with the aid of a tube manual, describe a step-by-step method 
of obtaining maximum output power, without damage to the tube. 

(d) If the PA in (c) above were a pentode how would you determine 
the power input to the stage? 

(e) In (c) above how would you determine if the PA stage were self- 
oscillating; if so, what adjustments could be made? 

(f) Assume the transmitter’s assigned frequency is 155.460 MHz, 
with a required tolerance of plus or minus 0.0005 percent. What 
would be the minimum and maximum frequencies, as read on the 
frequency meter, which would assure the transmitter being within 
tolerance? 

(g) Assume the 1-MHz crystal oscillator of the frequency meter 
has been calibrated with WWV and that the meter is tunable to any 
frequency between each 1-MHz interval over a range of 20-40 MHz, 
with usable harmonics up to 640 MHz. Explain in detail what con- 
nections and adjustments would be made to measure the signal 
directly from the transmitter; also by means of a receiver. 

(h) If in checking the frequency deviation with the modulation meter, 
would you expect the greatest deviation by whistling or by speaking in a 
low voice into the microphone? 
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(i) If the transmitter contained a means for limiting, and were over- 
modulating, what measurements and adjustments could be made to de- 
termine and remedy the fault? 


A. For the block diagram, see Fig. 3.176. 


CRYSTAL | 


OSCILLATOR a 


[ INVERSE 
FREQUENCY (| MICROPHONE 
NETWORK 


POWER 
AMPLIFIER 


MODUL ATION RELAY 
CONTROL 


POWER CABLES 
PRIMARY POWER 


Fig, 3.176. Block diagram of a voice-modulated, phase-modulated 
FM transmitter. 


(a) Since the transmitter employs a frequency multiplication of 12, 
the proper crystal frequency is the desired output frequency of 155.460 
MHz divided by 12, or 12.955 MHz. 

(b) It is assumed that the ammeter available is actually a milliammeter 
and is capable of being fitted with a pair of leads terminating in a suita- 
ble plug for use in measuring electrode currents in the stages by means 
of the jacks available. It is further assumed that the crystal oscillator is 
an electron-coupled Pierce oscillator. 

In aligning the transmitter it is first necessary to remove the plate and 
screen voltages from the power amplifier. The power is then applied to 
the preceding stages by operating the Press-to-Talk switch. 

The plate circuit of the oscillator is tuned to resonance by adjusting 
for maximum grid current in the tripler stage. At this point check the 
frequency of the oscillator by loosely coupling the wavemeter to the 
oscillator plate coil. The frequency, by this method of measurement, 
should be approximately 13 MHz. This measurement is to assure us 
that the oscillator plate coil is tuned to the fundamental and not to a 
second or even third harmonic. This is possible in some cases due to the 
range of frequencies for which some oscillators are designed. 


If the heterodyne frequency meter available can measure frequencies 
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in this range, it its advisable to measure the exact frequency of the oscil- 
lator by loosely coupling the frequency meter to the oscillator plate coil. 
If this measurement is not feasible, the final output frequency of the 
transmitter can be measured later. | 

The milliammeter is next inserted in the jack in the control grid cir- 
cuit of the first doubler and the plate circuit of the tripler adjusted for 
maximum grid current for this stage. Again, it is necessary to couple the 
wavemeter loosely to the plate coil of the tripler and check to see if the 
tripler output frequency approximates 39 MHz. This is to assure the stage 
is actually tripling the frequency and not doubling or quadrupling it. 

The first doubler is adjusted in a similar fashion, again tuning for 
maximum grid current in the following stage. The wavemeter in this 
case should indicate approximately 78 MHz as the output frequency for 
this stage. 

The procedure is again followed for the second doubler and the 
wavemeter used to be certain that its output is approximately 155 MHz. 
At this point, more than normal grid current should be indicated by the 
milliammeter which is inserted in the jack for the control-grid current 
of the power amplifier. 

(c) With the preceding stages of the transmitter aligned as in (b) 
above, and the coupling to the antenna reduced to the minimum, 
the plate and screen voltages to the power amplifier can be restored. 

As soon as the power is applied to the transmitter, by operating the 
press-to-talk switch, the plate tank of the power amplifier must be ad- 
justed for minimum cathode current. Following this, the antenna must be 
resonated as indicated by a maximum rise in cathode current. If little or 
no effect can be noted on the cathode current, it will be necessary to in- 
crease the antenna coupling slightly. When tuning the antenna results 
in a noticeable peak in cathode current, the cathode current and the grid 
current should be noted and the tube manual consulted. If the cathode 
current and the grid current are as specified by the tube manual, then the 
power amplifier will be delivering its maximum output power. 

It should be borne in mind that the cathode current is the sum of the 
control grid, screen and plate currents. The control grid current can be 
measured independently by means of the jack in the grid circuit. If the 
applied screen and plate voltages are known, the screen current can be 
estimated from the information in the tube manual. The plate current 
can also be estimated with a fair amount of accuracy. 

If the currents thus obtained are not sufficient, according to the tube 
manual, the coupling to the antenna should be increased in small incre- 
ments until the desired screen and plate currents are realized without 
excessive grid current. After each change of coupling it will be necessary 
to retune the plate tank of the power amplifier to resonance as indicated 
by minimum cathode current. It is quite often advisable to check the 
tuning of the doubler driver at the same time. 
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(d) Since the input power to the power amplifier is the product of 
its plate current and its applied plate voltage, it is necessary to measure 
these quantities. The cathode current and the grid current can be meas- 
ured with the aid of the milliammeter. If the applied screen and plate 
potentials are not given in the instruction manual they can be measured 
with the aid of the VITVM. From a tube manual, the screen current can 
be estimated and it and the grid current subtracted from the cathode 
current, leaving the amount of plate current. Since the screen current 1s 
usually only a small fraction of the plate current, this will make the plate 
current known to a fair degree of accuracy. If greater accuracy is desired 
and the screen voltage is obtained across a series dropping resistor of 
known value, the voltage drop across the resistor can be measured with 
the VI'VM and the screen current determined by Ohm’s law. 

The power input to the stage can then be found by multiplying the 
plate current by the applied plate potential. 

(e) Self-oscillation of the power amplifier can be detected by remov- 
ing the tube in the tripler and noting the effect on the grid and cathode 
currents in the power amplifier. If sufficient fixed bias is used in the 
power amplifier to cut off the plate and screen currents in the absence of 
excitation, removal of the tripler tube should result in such currents be- 
ing zero. If the stage is oscillating, plate and screen currents will con- 
tinue to flow in the absence of excitation. 

If the power amplifier is a triode, neutralizing arrangements exist. 
To rid the stage of self-oscillation, the neutralizing adjustments must be 
performed. The exact nature of such adjustments will depend on just 
what type of neutralizing facilities are provided. 

If the stage uses a pentode or beam power tube, conditions sometimes 
will cause self-oscillation. Usually, insufficient loading is the cause and 
increasing the loading.on the stage by closer coupling to the antenna will 
make the circuit behave more normally. , 

Grid and plate currents should rise and fall smoothly as the plate cir- 
cuit is tuned through resonance. Erratic behavior of these currents indi- 
cate at least a tendency toward self-oscillation. 

(£) Using the available frequency meter with its accuracy of plus or 
minus 0.0002%%, it will be necessary to subtract this accuracy from the 
tolerance of plus or minus 0.0005% to be absolutely certain the trans- 
mitter frequency is within tolerance. Under these conditions, multiplying 
the carrier frequency of 155.460 MHz by plus or minus 0.0003% gives 
an allowable variation in frequency, as read on the meter of plus or 
minus 0.0004664 MHz. The maximum frequency would be 155.4604664 
MHz and the minimum 155.4595336 MHz, as read on the frequency 
meter. 

(g) It is assumed, further, that the detector of the frequency meter is 
also tunable only over the range of 20-40 MHz. If this is so, then the 
meter input should be coupled to the plate coil of the transmitter’s tripler 
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and the detector (oscillating) adjusted to zero beat with the tripler’s 
output. The detector is then adjusted to pick up the 38th harmonic of 
the meter’s 1-MHz crystal and the detector’s dial calibration adjusted to 
agree with this. The detector dial should then be varied to pick up the 
39th harmonic and the calibration checked at this point. Returning to 
the frequency of the tripler output, the carrier may be read directly 
from the detector dial if so calibrated or interpolated if the dial is lin- 
early divided, The frequency of the transmitter, in this case, will be four 
times the frequency of the tripler output (38.865 4, or 155.460 
MHz). 

If a receiver is employed, the unmodulated transmitter is tuned in and 
the frequency meter’s oscillating detector r-f output is also coupled to 
the receiver. After checking the meter’s calibration as described above, the 
detector is adjusted so its fourth harmonic is heard in the receiver at zero 
beat with the transmitter. The transmitter frequency, then is four times 
the reading as obtained on the meter’s detector dial. 

(h) Since this is an FM transmitter, the amount of deviation pro- 
duced is dependent only on the amplitude of the modulating signal and 
is independent of the modulating frequency. It is assumed that whistling 
into the microphone produces a louder signal than when speaking in a 
low voice and therefore the frequency deviation should be greater when 
whistling. 

(i) The modulation control that is shown in Figure 3.176 is used 
to adjust the output of the limiter stage. This control should be ad- 
justed so that when a very loud talker is speaking into the micro- 
phone, the FM modulation meter indicates the maximum allowable fre- 
quency deviation. Assurance is then had that this deviation will not be 
exceeded no matter which person uses the transmitter. Care should be 
taken to note that when the limiter output is being reduced the deviation 
also becomes less. This makes certain that the limiter is actually limiting 
the maximum level of speech. 

The original determination of the fault, can be made with the FM 
modulation meter. 


Q. 3.177. Draw a schematic diagram of each of the following stages 
of a superheterodyne FM receiver. Explain the principles of operation. 
Label adjacent stages. 

(a) Mixer with injected oscillator frequency. 

(b) I-£ amplifier. 

(c) Limiter. 

(d) Discriminator. 

(e) Differential squelch circuit. 


A. (a) For schematic of the mixer, see Figure 3.177(a). This 
circuit is frequently referred to as a “mixer-oscillator” circuit. It 
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Fig. 3.177(a). Simplified schematic diagram of an FM mixer circuit 
with injected oscillator frequency. 


uses one special type tube to perform the functions of both mixer and 
oscillator. The oscillator section of the tube is a triode, consisting of the 
control grid, cathode and screen grid. The converter section is a pentode 
made up of the special injector grid, cathode-screen grid, suppressor grid 
and plate. In this type of circuit, both the control grid (oscillator voltage) 
and injector grid (r-f voltage) signals are mixed electronically. Both of 
these signals modulate the electron stream going from cathode to plate. 
Since the tube is operated in a non-linear fashion, heterodyning of the 
two frequencies results and the desired i-f frequency of 10.7 megahertz 
is selected by the tuned circuit in the converter plate. 

(b) For schematic of the i-f amplifier, see Figure 3.177 (b). This 
is a Class-A amplifier with double-tuned plate and grid circuits reso- 
nated to the center i-f of 10.7 megahertz. The bandwidth of the i-f 
of a broadcast FM receiver will be on the order of 150 to 200 megahertz 


10.7 MHz 
2NO I-F 
IST I-F TRANSFORMER 
10.7 MHz 
IST I-F 
TRANSFORMER 500 


TO 2ND 


MIXER STAGE I-F STAGE 


B+ 


Fig. 3.177(b). Simplified schematic diagram of a first 7i-f 
amplifier stage for an FM radio. 
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in order to pass the required modulation sidebands. Grid bias is pro- 
vided by the 2 megohm resistor which produces a space-charge bias in 
the order of 0.5 to 1.0 volt. 

(c) For the schematic of a limiter, see figure, Fig. 3.177(c). 


TO 
DISCRIMINATOR 


+75 VOLTS ¢ 


Fig. 3.177(c¢). A limiter stage in an FM receiver. 


The purpose of a limiter stage is to remove the amplitude variations 
from the intermediate frequency signal before it is detected in the dis- 
criminator. Since most noises are amplitude modulated, they can be re- 
moved by a special i-f amplifier called a limiter stage, whose output 
amplitude is relatively independent of input amplitude for most oper- 
ating conditions. A limiter tube is easily saturated and driven below 
cut-off by a certain minimum value of grid swing (about .5 to 2 volts). 

The limiter tube must be of the sharp cut-off type and operate with 
low plate and screen grid voltages in the order of 50 to 75 volts. Bias 
for this stage is obtained by a grid leak and capacitor network in the 
grid circuit. Some receivers use two limiters in cascade to improve the 
sensitivity of limiting action. In this case the first limiter is grid leak 
biased, and the second usually operates at zero bias. 

(d) For the schematic of a discriminator, see Fig. 3.177(d1). 

A discriminator in an FM receiver is the circuit which changes 
the variations in frequency of the FM wave into a conventional audio 
output wave which is capable of being amplified by a standard audio 
amplifier. The discriminator has the same relative function in an FM re- 
ceiver as the second detector of a superheterodyne AM receiver. In 
order to detect an FM wave it is necessary to utilize a device whose 
d-c output voltage increases when the carrier deviates in one direction 
and decreases when the carrier deviates in the other direction. An FM 
wave from a broadcast station deviates in exact accordance with the 
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audio modulating signal, so that the variations of d-c from the output 
of the discriminator will be a reproduction of the original modulating 
signal. The conventional type of discriminator does not reject AM and 
must be preceded by one or more limiter stages for noise suppression. 


(See also Q. 3.223.) 


Ce 


AUDIO 
OUTPUT 


FROM 
LIMITER 


AVC 
VOLTAGE 


Fig. 3.177(d1). Basic circuit of the Foster-Seeley discrimt- 

tor. In practice, point g is usually grounded. The audio 

output appears at point h and AVC or tuning eye voltage 

can be obtained from the center tap of the resistors. (See text 
for explanation of the voltage symbols.) 


To make the operation of a discriminator clear, it is necessary to re- 
view the simple relations among currents and voltages in a double-tuned 
i-f coil, such as that shown in Fig. 3.177(d2), when both circuits are 
tuned to resonance. The following fundamental facts apply: 


a lp 
E, Ea 


Fig. 3.177(d2). A diagram of a double-tuned i-f coil show- 
ing currents and voltages discussed in the text. 
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1. The resonant condition causes only resistance, and no reactance, to 
be reflected into the primary. The primary current J, will, therefore, be in 
phase with the primary voltage EF. 

2. The voltage across the secondary, Es, is produced by means of a 
mutual reactance, M, which results from the coupling between the coils. 

3. Since this mutual inductance is a reactance, the secondary voltage 
E, ts 90 degrees out of phase with the primary voltage Ey. 

4. The secondary current, Ig, is in phase with the secondary voltage 
E2, because of the resonant condition. The secondary current 1s, there- 
fore, also 90 degrees out of phase with Ey. 

Now suppose the secondary is center-tapped as shown in Fig. 3.177 
(d3). If the center point is considered as a reference, we now have a 
balanced circuit, that is, the voltage across the upper half is 180 degrees 
out of phase with that across the lower half. Notice that with respect to 
the center point, E, and E, are equal but opposite in phase. 


Fig. 3.177(43). Schematic of an i-f coil with a center-tapped 
secondary winding such as used with Foster-Seeley and ratio 
discriminators. 


Now consider what happens when the frequency of E; changes. Sup- 
pose the frequency suddenly becomes higher. Since we are now off 
resonance in the secondary, the parallel resonant circuit becomes capaci- 
tive, causing the secondary voltage to lag behind the secondary current. 
This means that Ex is less than 90 degrees away from Ej, and Ey is 
more than 90 degrees from E;. Although these phase changes have taken 
place, the magnitudes of Ex, and Ey, are substantially the same as in the 
resonant case. If the frequency changes to lower than resonance, the 
situation will be reversed as far as phase is concerned. E, will now have 
a phase angle of more than 90 degrees while E; and Ey, will have an 
angle less than 90 degrees. 

To summarize: 

1. With a signal at the resonant frequency (normally 10.7 MHz), E, 
and E, are equal and opposite, each being out of phase 90 degrees with 
E, but in opposite directions. 


2. When the signal goes higher than resonance, Ex and Ey are the 
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p =f 


Fig. 3.177 (d4). Showing how two voltages E, and E, are 
produced for application to the plates of the diodes. E, and 
E, vary in magnitude as the frequency of the input changes. 


same in magnitude, but with respect to Ej, the phase of E, is less than 
90 degrees, that of E, is more than 90 degrees. 

3: With a signal lower than resonance magnitudes are still the same, 
but E,’s phase is more than 90 degrees while E,’s is now less than 90 
degrees. 

Now suppose we arrange the circuit as shown in Fig. 3.177(d4). The 
bottom of the primary coil has been grounded, and the top has been 
connected to the center tap of the secondary. Let us now investigate the 
voltage of the ends of the secondary with respect to ground. These volt- 
ages are labeled E, and Ey. By tracing the circuit from the low side of 
the primary through the coil and then through one half of the secondary, 
it can be seen that at any given instant: e; + ex = eg and e; + ey = ep. 
At resonance, when E, and Ey, are each 90 degrees from Ej, E, and E, 
are equal. Under off-resonance conditions, however, the changed phase 
relations will cause one to be larger than the other. To clarify this, refer 
to Fig. 3.177(d5). 

In Fig. (A) of Fig. 3.177(d5) two voltages, Em and E,, are plotted. 
They are equal in magnitude, but Jess than 90 degrees apart in phase. 
In Fig. (B) of Fig. 3.177(d5) the same two voltages are plotted more 
than 90 degrees apart. In each case, the voltages are added, and the sum 
represented by the dotted line. These diagrams show that when the phase 
is less than 90 degrees, the sum is larger than when the phase is greater 
than 90 degrees. 

The same principle applies in Fig. 3.177(d4). When the frequency 1s 
higher than resonance, the phase angle between E; and E, 1s greater 
than that between E; and Ey. E,, the sum of E; and E,, is, therefore, 
greater than E,, the sum of E; and Ey. When the frequency is lower 
than resonance, the opposite is true and E, is less than E),. 

Another way to explain the above relations is by the use of vectors. 
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ZE TOTAL (SUM OF Em AND En) 
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/ \oODIFFERENCE : DIFFERENCE 
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(a) (b) 


Fig. 3.177(d5). Graphs of sine waves showing how two a-c 
voltages can produce a sum voltage whose amplitude varies 
with a change of phase between them. 


E 
a E, 
A. RESONANCE 
ES E, AND Ey EACH 90° FROM E, 
Eq =Ep IN MAGNITUDE 
Ep Ey 


B. BELOW RESONANCE 

E, MORE THAN 90° FROM E, 

Ey LESS THAN 90° FROM E, 

Eg LESS THAN Ep IN MAGNITUDE 


C. ABOVE RESONANCE 

E, LESS THAN 90° FROM E, 

Ey MORE THAN 90° FROM E, 

Eg GREATER THAN Ep IN MAGNITUDE 


Fig. 3.177(d6). Vector relations in the Foster-Seeley and 
ratio discriminators. 
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Fig 3.177(d6) shows a vector diagram for each of the three important 
conditions described above. Notice E, and Ey are made larger and smaller 
according to the phase of the secondary voltage. 

In Fig. 3.177(d1) we have applied the voltages E, and E,, which are 
a-c to diodes D, and Dn, and the circuit is a Foster-Seeley discriminator. 
These a-c voltages are rectified and filtered and produce the d-c voltage 
E. and Eg. These d-c voltages are proportional to E, and Ey, respectively, 
and have the polarities indicated on the diagram. 

Now the discriminator output is the voltage between points g and h. 
Since E, and Eg oppose each other, the total voltage is equal to the dif- 
ference in magnitude and will have the polarity of the larger voltage. 
At resonance these voltages are equal and the total voltage (g to h) is 
zero. At a frequency higher than resonance, E, is larger than Eg. The 
total output voltage will then be E, minus Eq with h positive and g 
negative. When the frequency is lower than resonance, the polarity of 
the output will be reversed, and the voltage will be Eg minus E,. 

Thus when the i-f changes above and below the resonant frequency, 
the discriminator output will vary in magnitude in the same way. This 
circuit is known as the Foster-Seeley type of discriminator. 

Fig. 3.177(d7) shows the characteristic typical of a good discriminator. 
The curve of amplitude versus frequency should remain straight (linear) 
for all frequencies within the deviation range. 


D-C OUTPUT VOLTAGE 


iat Bi 


10.6 10.7 10.8 
INTERMEDIATE FREQUENCY 
IN MHz 


Fig. 3.177(d47). Typical discriminator characteristic. 


(e) For schematic of a differential squelch circuit, see Figure 
3.177(e). In the absence of a receiver-input signal, considerable noise 
may be amplified and heard in the speaker causing an annoying con- 
dition. With a certain minimum signal level being received, the FM 
receiver will achieve quieting and only the signal will be heard. By 
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utilizing a squelch circuit, the no-signal “noise” is prevented from being 
amplified. Further, a squelch control is provided to prevent weak signals 
from being squelched. This control is R2 in Figure 3.177(e). In the 
absence of signal, the control is normally set so that the noise is barely 
squelched. Weak signals can then be received. However, signals in the 
noise level may be lost and it is sometimes desirable to operate with no 
squelch. 


= SQUELCH 
CONTROL 


Fig. 3.177(e). Schematic diagram of a differential squelch 
circuit for an FM superheterodyne receiver. 


In the absence of signal, noise is amplified by the noise gate. The 
setting of R2 and the lack of limiter grid bias applied to R1 permits V1 
to amplify normally. The amplified noise is rectified by noise diode D1 
and integrated by capacitor C3. The resultant, a positive d-c voltage is 

applied to the grid of squelch amplifier V3, causing V3 to conduct at 
_ its maximum rate. Squelch-tube current through R11, in the cathode 
of V2, causes V2 to be cut off and no noise output results. When a 
limiting signal is received, the limiter bias cuts off V1. (Capacitor C, in 
the grid of V1 is very small and normally will only pass the high-fre- 
quency noise impulses.) Further, a limiting signal prevents (from the 
limiter or ratio detector operation) noise from appearing at V1. Under 
this condition, the voltage across C3 drops to zero and V3 is cut off by 
the fixed cathode bias across R6. With the squelch tube cut off, V2 oper- 
ates normally and amplifies its audio input. 


D. See Q. 3.178, 4.59 and 4.63. 


Q. 3.178. Draw a diagram of a ratio detector and explain its opera- 
tion. 
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A. For the schematic of a ratio detector see Fig. 3.178. The ratio 


detector operation is similar to that of the discriminator (Q. 3.177(d)). 
However, whereas the conventional (Foster-Seeley) discriminator re- 
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(b) 


Fig. 3.178. (a) Schematic diagram of a ratio detector, 
(b) its equivalent circuit (see discussion). 
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sponds to amplitude variations and must therefore be preceded by one 
or more limiter stages if noise rejection is to be achieved, the ratio de- 
tector being very insensitive to amplitude variations does not require a 
limiter in its input circuit. The ratio detector derives its name from the 
fact that its output is proportional only to the ratio of the input i-f volt- 
ages and not to their amplitude. 

Note in Fig. 3.178(a) that the major circuit differences from a con- 
ventional discriminator are: 

1. The two diodes are connected in series. 

2. The addition of large capacitor C3, which provides, in conjunction 
with its parallel resistors, a long time constant to maintain a relatively 
fixed d-c voltage. 

See discussion for details of the operation of this circuit. 


D. A detailed operation of a ratio detector follows. Refer to the dia- 
grams of Fig. 3.178(a) and (b). 

When the f-m wave is at the center or resting frequency, the potentials 
applied to both diodes are equal. When the fm wave deviates above 
resonance (10.775 MHz), Eq, is greater than Egy by some ratio, say 12 
volts to 8 volts. When the f-m wave deviates below resonance (10.625 
MHz) Eq, will be less than Ey. by a ratio of 8 volts to 12 volts. Thus, 
except at resonance, there always exists some ratio between the voltages 
applied to the two diodes. A detector whose output is made proportional 
only to this ratio (which is changing at an audio rate), becomes inde- 
pendent of amplitude variations and does its own limiting. Such a de- 
vice is the ratio detector. An equivalent circuit, Fig. 3.178 (b), will 
simplify the discussion. The RC network R,C, is connected in series 
with the two diodes, the direction of electron flow being such that the 
top of C; will be negative, and the bottom positive. The time constant of 
R,Cs is quite long, about 0.2 second, so that its potential remains rela- 
tively fixed even for the lowest frequency audio variations. Actually the 
charge in Cs is a function of the. average carrier strength. This potential 
is shown as a battery of 10 volts magnitude and tapped at the center. 

To this center point is connected one end of the volume control Ro. 
The other end of the volume control is connected to the junction of Cos 
and C4. While a fixed potential of 10 volts is used at this time, it must 
be remembered that this potential may vary slowly with changes in the 
average carrier strength. Le is shown in two sections with generators 
Eai and Ego representing the induced voltages for any given deviation 
of the f-m wave. The conditions which must be present in this circuit 
are as follows: 

First, the ratio of Ey, and Ego must equal the ratio E, to Ep: 


Ea _ Ei 
Ene Eo 


Element III Bastc RapIOTELEPHONE 237 


Secondly; the sum of E, and Ez must always equal the charge in Cz, 
which iS Es: Ey Fo = E3. | 
Assume that 


Bain rib) 


Fae 5 


If no drop exists in the diodes, then 


and no current can flow through Rg. Thus at the resting frequency of 
the f-m wave, the d-c output will be zero. 
Going above resonance now, assume that: 


Under this condition current will flow through Re, and the drop across 
Re will be 3 volts and positive at the junction of Cs and Cy, thus pro- 
ducing the positive half of the audio cycle. 

Deviating below resonance: 


Current will now flow in the reverse direction through Re produc- 
ing the negative half of the audio cycle. 

In the rejection of amplitude modulation, the action is as follows. 
Suppose that a sharp increase in the carrier amplitude caused the ratio of 
Pat to become ae 
Eae 4 
The ratio obviously remains the same but the amplitude has doubled. 
However, E,; — Es remains fixed as determined by Es, and the amplitude 
change cannot take place. E3 tends to get higher, but the time constant 
of R,C, is made so large that noise pulses or amplitude modulation are 
too rapid to change this voltage. If the carrier level should suddenly 
drop, the potential Eg would still be maintained and this drop would not 

appear in the output. 

Since the potential across Cs varies with the average carrier strength, 
it serves as an excellent source of AVC voltage. 

An important advantage is the fact that there is no “threshold” effect 
in the ratio detector; that is, there is no minimum carrier level necessary 
to cause noise attenuation as with limiter circuits. 
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Q. 3.179. Explain how spurious signals can be received or created 
in a receiver. How could this be reduced in sets having sealed untunable 
filters? 


A. (a) Spurious signals may be received from channels adjacent to 
the desired one due to inadequate receiver selectivity. 

(b) Spurious signals may be created in a receiver by regenerating or 
oscillating i-f amplifiers. They may also be generated by the two local 
oscillators, multipliers and mixers which may create numerous harmonic 
and heterodyne frequencies. (See Q. 3.180 below, for block diagram of 
a typical FM communications receiver.) 

(c) By the use of a sealed, untunable filter it is possible to achieve an 
important improvement in the selectivity of the receiver and to reject 
many of the undesired frequencies. 


D. The sealed filter is usually placed at the input to the low-fre- 
quency i-f amplifier. It has a response which is essentially flat over the 
necessary i-f bandwidth and which drops off very steeply (skirts) on 
both sides. Actually, the sealed filter establishes the i-f bandpass. The 
filters are sealed to avoid change due to atmospheric conditions and are 
designed to be relatively impervious to changes in their associated stages. 

Two general classifications of radio-receiver interference and possible 
cures for each type are described below. 

1. Interference due to static noises. The following methods may be 
employed to reduce the effect upon the receiver of such noises: 

a. Insertion of a power line filter in series with the receiver supply 
cord close to the outlet. 

b. Electrostatic shielding between primary and secondary windings 
in the power transformer. 

c. Suitable filtering applied to the source of such noises whenever 
possible. (Motors, neon lights, etc.) 

d. Use of horizontally polarized antennas if possible. 

Use of shielded or well-balanced transmission lines. 

Use of suitable noise limiters in receiver. 

Use of crystal filter in receiver, if possible. 

Use of highly directional antennas, if practical. 

Complete shielding of entire receiver. 

Interference due to undesired carrier waves. The following meth- 
ods may be employed to reduce this type of interference: 

a. Use of series or parallel resonant wave trap in antenna circuit. 

b. Use of parallel resonant wave trap in cathode of first stage of 
receiver, and, if necessary, in some succeeding stages also. 

c. Use of tuned r-f amplifier ahead of mixer stage. 

d. Use of highly directional antennas if practical. 

e. Complete shielding of receiver. 


Nor Boe no 


Q. 3.180. Describe, step-by-step, a proper procedure for aligning an 
FM double conversion superheterodyne receiver. 


Element III Basic RADIOTELEPHONE 239 


A. A double-conversion (or double-superheterodyne) receiver is used 
to eliminate image interference (see Q. 3.155, Q. 3.156) from stations oper- 
ating within a particular band, and to provide good adjacent channel 
rejection. For an FM broadcast receiver (88-108 MHz) the usual i-f is 
10.7 MHz. With this i-f, no FM broadcast image interference is possible. 
Therefore, it wiil be assumed that the FM receiver referred to in this 
question is not an FM broadcast receiver, but is a VHF communications- 
type receiver capable of operating on one or more frequency channels. 
A block diagram of such a VHF receiver is given in Figure 3.180. 


ANTENNA 160 MHz 9 MHz 9 MHz 460 kHz 


CRYSTAL 
OSCILLATOR 
25.166 MHz 


| LIMITER 
460 kHz 


DISCRIM- 
INATOR 


SPEAKER 


Fig. 3.180. Block diagram of a fixed-tuned, double-conversion 
FM superheterodyne receiver. 


This is a single channel receiver, as shown, utilizing two crystal oscilla- 
tors. Additional channels might be received on such a receiver by the 
switching of additional crystals. An input of r-f signal of 160 MHz is 
assumed. It is also assumed that the high i-f is 9 megahertz and the /ow 
i-f is 460 kilohertz. The exact frequencies chosen are typical, but not 
critical, as the alignment procedure applies equally well to other fre- 
quencies. . 

The equipment used for the alignment will be a properly calibrated 
CW signal generator and a zero-center VI'VM. The alignment will be 
performed in steps beginning with the discriminator detector (not ratio 
detector). 

(a) Alignment of the Discriminator: Connect the zero-center VT'VM 
between the junction of the two series-output resistors and ground. Con- 
nect the signal generator output through a small capacitor to the grid 
of the limiter stage and ground. Set the signal generator to 460 kilohertz. 
The VTVM should be set to a low scale and the generator output con- 
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trol adjusted to give a useful meter reading. Adjust the primary of the 
discriminator transformer for maximum deflection of the VTVM, re- 
ducing signal-generator output if necessary. Do not change the generator 
connections, but move the hot VTVM lead to the top of the two series- 
output resistors. Now, tune the discriminator secondary for a zero indi- 
cation (center) between two peaks (one positive and one negative). 
Check the output linearity by tuning the generator equal increments on 
both sides of the center frequency. Equal, but opposite polarities, of 
voltage should occur. If this is not the case, touch up the primary adjust- 
ment to bring it about. This completes the discriminator alignment. 


Note: As in most alignment procedures, use the minimum posstble 
signal-generator output. | 


(b) Alignment of the Limiter: Connect the VTVM between the grid 
of the limiter and ground. Set the meter to read a low negative voltage. 
Connect the signal generator (through a small capacitor) tuned to 460 
kHz (unmodulated) , between the grid and ground of the last i-f stage 
preceding the mixer. The signal generator output should be the mini- 
mum possible to obtain a meter reading, in order to prevent limiter 
saturation which would cause broad tuning. (Maintain this low gen- 
erator output throughout the entire alignment process, reducing it as 
necessary when the circuits come into resonance.) Now tune the sec- 
ondary of the last i-f transformer for maximum meter deflection. Next, 
tune the primary in a similar manner. 

(c) Alignment of the I-F’s: (Two i-f stages are present.) Maintain 
the meter in the limiter grid circuit. Move the signal generator (at 


460 kHz) to the grid of the first i-f stage (through a small capacitor). 
Peak first the secondary and then the primary of the i-f transformer be- 
tween the first and second i-f stages. Next, without changing the meter 
position, move the signal generator (at 460 kHz) to the grid of the sec- 
ond mixer stage (through a small capacitor). The generator output may 
have to be increased at this point since the second mixer grid circuit is 
resonated at 9 megahertz (not 460 kHz). Peak the secondary and then 
the primary of the i-f transformer between the second mixer and first 
i-f stages. 

(d) Set the signal generator to 160 megahertz and connect it to the 
antenna input of the r-f amplifier through a small capacitor. Maintain 
the VIVM at the grid of the limiter. As before, use the lowest possible 
signal-generator output. The frequency multiplier adjustments will result 
in the highest amplitude 151-MHz signal being applied to the first mixer. 
This in turn will cause a 9 megahertz output from the first mixer and 
a 460 kilohertz output from the second mixer. Therefore, peak the mul- 
tiplier adjustments for maximum VIVM readings. Next, peak the ad- 
justments at the input and output of the high i-f amplifier. Following 
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this, peak the adjustments at the input and output of the r-f amplifier. 
This completes the alignment procedure. | 

In the event the receiver has several channels, obtained by crystal 
switching, the front-end alignment will be slightly different. In this event, 
the r-f amplifier and first mixer will be somewhat broadbanded and 
tuned to the center of the channels. Selectivity will be provided by the 
i-f amplifiers, as usual. 


D. See also Q. 3.155 through Q. 3.161. 


Q. 3.181. Discuss the cause and prevention of interference to radio 
receivers installed in motor vehicles. 


A. Interference to radio receivers in motor vehicles comes primarily 
from the following sources: 


1. Generator brush sparking. 

2. Opening and closing of breaker points. 

3. Spark gap between rotor and distributor contacts. 

4. Spark gap in spark plugs. 

5. Static charges built up in tires and tubes while vehicle is mov- 
ing. | 

6. Incorrect gap settings of spark plugs and breaker points. 

7. Momentary interference from switches, such as dome switch, ig- 


nition switch, and heater switch and rheostat. 
8. Interference from the vibrating contact points of the voltage reg- 
ulator. 


D. Most modern vehicles are completely bonded and so this is us- 
ually not a problem for servicemen. It is not practical to shield the 
ignition wires in the ordinary type of motor vehicle, but this is gen- 
erally unnecessary. The following methods may be employed to mini- 
mize interference: 

1. Use a by-pass capacitor across the generator output. (Usually 
provided by vehicle manufacturer.) 

2. Have breaker points and spark plugs cleaned and correctly 
gapped. 

3. Use anti-static springs in hub of wheels, and conducting powder 
inside of tire tubes, or tubeless tires. 

4. By-pass all switches and long connecting wires. 

5. Shield antenna transmission line. 

6. Locate antenna well away from ignition system. 

7. Use suppressor resistors if necessary at all spark plugs and dis- 
tributor rotor connection. Some plugs (such as “Auto-Lite”) have built 
in suppressors. 

8. A capacitor is normally across the distributor breaker points, 
and will take care of interference at this point. The value is somewhat 
critical and should not be varied. 

9. A large part of voltage-regulator interference comes from the vibrat- 
ing voltage (F terminal) and current-coil (G terminal) contacts. The 
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reverse current relay (B terminal) rarely operates and is generally not a 
source of important interference. Use of a bypass capacitor at the “B” 
terminal of the regulator will generally eliminate this type of interference 
when it does occur. A small series resistor and capacitor (10 ohms and 
2500 pF) from the “F’ terminal of the regulator to ground will reduce 
interference from this point. The “G” terminal of the regulator connects 
to the armature of the generator which is generally bypassed. However, 
additional filtering (at the regulator) may have to be installed in the 
“G” line since the run of wire may act as a radiating antenna. 


TRANSISTORS 


Q. 3.182. Describe the difference between positive (P-type) and 
“negative (N-type) semiconductors with respect to: 

(a) The direction of current flow when an external emf is applied. 
(b) The internal resistance when an external emf is applied. 


A. (a) As shown in Fig. 3.182(a), in P-type semiconductors, the 
major-current carriers are holes (positive charges). Hole current within 
the semiconductor moves from the end connected to the positive battery 


P-TYPE SEMICONDUCTOR 


ELECTRON 
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Fig. 3.182(a). Illustrating the direction of hole current flow 
in P-type semiconductor. 


terminal to the end connected to the negative battery terminal. In N-type 
semiconductors, the majority current carriers are electrons. Electron cur- 
rent within the semiconductor moves from the end connected to the 
negative battery terminal to the end connected to the positive battery 
terminal. This is shown in Fig. 3.182(b) 

(b) In both the P- and N-types, the internal resistance may be con- 
sidered to be low in the direction of the majority current carriers and 
high in the opposite direction. 


D. The actual resistance of any semiconductor is primarily dependent 
upon the number of current carriers (holes or electrons) available within 
the material. The number of available carriers, in turn, depends upon 
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the amount of impurities which have been added to the pure crystalline 
material (germanium or silicon). ‘Donor’ materials, such as arsenic, 
phosphorus and antimony provide excess electron carriers for the 
crystal and classify the crystal as an ‘‘N”’ type. On the other hand, “‘ac- 
ceptor” materials such as aluminum, gallium and indium cause “holes” 
to appear in the crystal and classify the crystal as a “P” type. Generally, 
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Fig. 3.182(b). Illustrating the direction of electron current 
flow in N-type semiconductor. 


a semiconductor which contains a higher degree of impurities than an- 
other semiconductor, will display a lower resistance in the direction of 
major carrier current flow. It is assumed that the same voltage is applied 
to the semiconductor in both cases. 


Q. 3.183. What is the difference between forward and reverse biasing 
of transistors? 


A. (a) When a transistor junction is forward biased, a continuous 
current flows through the junction due to the movement of the majority 
carriers through the P- and N-type material. (Holes in P-type and elec- 
trons in N-type constitute the majority carriers.) Fig. 3.183(a) illustrates 
forward biasing of the emitter-base junction and reverse biasing of the 
collector-base junction. 

(b) Reverse biasing of a transistor junction in effect prevents current 
from flowing in that junction. In practice a small current (in microam- 
peres) will flow in the junction due to the movement of minority car- 
riers. Minority carriers consist of a relatively small number of excess holes 
found in N-type crystals and a relatively small number of excess elec- 
trons in P-type crystals. It should be noted that the conditions of for- 
ward and reverse biasing are normal operating conditions as shown in 
Fig. 3.183(a). This shows a PNP transistor. For an NPN transistor, 
both battery polarities would be reversed. 


D. Forward and reverse biasing terminology may also be applied to 
the base-to-emitter bias of a transistor. In this case, forward biasing of a 
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transistor means that the bias polarity from base-to-emitter is such as to 
permit relatively large current flow from the emitter to the collector. 


Note: For a PNP-type the base is made negative with respect to the 
emitter. Opposite polarity bias is used for an NPN-type. 


In this same general case, reverse bias means that the base-to-emitter 
bias is such as to prevent emitter-to-collector current flow (except for 


leakage current). 


Note: For a PNP-type the base 1s now made positive with respect to 
the emitter. Opposite polarity bias is used for an NPN-type. 


The junction transistor is made with wafer-type construction, the com- 
plete transistor consisting of three wafers. The wafers may be arranged 
in positive-negative-positive sequence in the P-N-P type, or in negative- 
Positive-negative sequence in the N-P-N type. The middle layer, or 
wafer of the junction transistor is called the-base. On either side of the 
base are found the very much smaller emitter and collector wafers. The 
emitter corresponds to the cathode of a vacuum tube, the base to the con- 
trol grid, and the collector, to the plate. 

An enlarged cross-sectional view of a P-N-P junction transistor with 
grounded base circuit is shown in Figure 3.183(a). This view illus- 
trates the internal operation of the unit. The P-N-P transistor utilizes 
“holes” (which may for simplicity be considered as positive charges) 
for conduction. 

In the case of the P-N-P junction transistor, any voltage or current 
variations in the input (emitter) circuit cause corresponding variations 
in the number of holes in the base. Any variations in the supply of holes 
from the emitter can vary the number of holes traveling through the 


N-TYPE BASE 


P-TYPE 
COLLECTOR 


INPUT ELECTRONS OUTPUT 


Fig. 3.183(4). Forward and reverse biasing of a junction 
transistor (PNP). Arrows indicate electron flow. 
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P-N-P N-P-N 
JUNCTION JUNCTION 


Fig. 3.183(b). The physical and symbolic representations 
of PNP and NPN junction transistors. 


base and to the collector element. It is found that any change in emitter 
current produces a substantially equal change in collector current; how 
ever; the emitter circuit has ow impedance, while the collector circuit 
has Aigh impedance. If the currents in the two circuits are substantially 
equal, it follows that the voltage (or power) variations in the collector 
circuit will be greater than the variations in the emitter circuit. It is by 
virtue of this effect that amplification is obtained in the P-N-P junction 
transistor. 

Important characteristics of the junction transistor are: high power 
gain, low input power requirements and a low noise factor. 

For the convenience of the reader, Fig. 3.183(b) shows the generalized 
physical structure and the corresponding schematic diagram for the junc- 


tion P-N-P and the N-P-N transistors. 


Q. 3.184. Show connections of external batteries, resistance load and 
signal source as would appear in a properly (fixed) biased, common- 
emitter transistor amplifier. 


Fig. 3.184(a). Schematic diagram of a PNP common-emitter 
transistor amplifier using fixed bias batteries. Arrows indicate 
electron flow. 
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A. See Fig. 3.184(a). For an NPN transistor, the polarity of both 


batteries would be reversed. 


D. In the simplified schematic shown (Fig. 3.184(a)), the signal 
input is applied between the base and emitter and the output is taken 
across Ry, which is connected between the collector-to-emitter circuit. 
As explained in Q. 3.183, the base-to-emitter junction is forward biased 
and the base-to-collector junction is reverse biased. The common-emitter 
transistor amplifier is similar in circuit arrangement to the conventional 
grounded cathode triode amplifier (see Q. 3.50(a)); an equivalent-tube 
circuit is shown in Fig. 3.184(b). Note in both the tube and transistor 
circuits, that a polarity reversal takes place between the input and output 
circuits. This polarity reversal would also occur for a common emitter 
NPN amplifier. (For a common base, or common collector amplifier, no 
polarity reversal occurs. This situation is similar to the grounded grid 
and cathode follower tube amplifiers.) 


Fig. 3.184(b). Grounded cathode, triode-amplifier circuit. 
The common emitter amplifier (Fig. 3.184(a)) is similar. 


The electron flow through a PNP common-emitter amplifier is shown 
by the arrows in Fig. 3.184(a). Consider the input signal going in the 
positive direction (point 1). This signal opposes the forward bias of the 
battery, thereby decreasing the total current (Iz) flowing through the 
emitter. The base and collector currents are now decreased by correspond- 
ing amounts. The decreased current in Ry, will now permit the collector 
to become more negative (toward the negative battery potential). This 
effect is indicated at the output waveform by a corresponding point 1. 
(Note: the polarity is opposite that of the input.) Assume the input wave- 
form to be going in the negative direction (point 2). The signal now 
aids the forward bias, increasing the emitter current. Corresponding 
increases take place in the base and collector currents. An increased cur- 
rent through Ry causes the collector to become less negative (more posi- 
tive) which is again opposite in polarity to the input signal. 
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Q. 3.185. The following are excerpts from a transistor handbook 
describing the characteristics of a PNP alloy-type transistor as used in a 
common-emitter circuit configuration. Explain the significance of each 
item. . 


Maximum and Minimum Ratings: 


(a) Collector-to-base voltage (emitter open) — 40 max. volts 
(b) Collector-to-emitter voltage 

(Base-to-emitter volts = 0.5) ........ — 40 max. volts 
(c) Emitter-to-base voltage ............---- — 0.5 max. volts 
(d) Collector current .........----+-+: — 10max.mA 


Transistor Dissipation: 
(e) At ambient temperature of 25° C 


For operation in free air ......... 120 max. mW 
(f) At case temperature of 25° C , 

For operation with heat sink ..... 140 max. mW 
(g) Ambient-temperature range: 

Operating and storage ........ — 65 to + 100°C 


A. (a) Collector-to-Base Voltage: The maximum voltage which can 
be applied between these elements without danger of a breakdown of 
the collector-to-base junction. 

(b) Collector-to-Emitter Voltage: The maximum safe voltage which 
can be applied between collector and emitter (with a reverse bias of 0.5 
volt between base and emitter), without breakdown occurring from col- 
lector-to-emitter. 

(c) Emitter-to-Base Voltage: The maximum safe forward-bias voltage, 
to limit emitter-to-collector current and base-to-emitter current. 

(d) Collector Current: The maximum permissible collector current 
at which the transistor may be operated without adverse effects. 

(e) Transistor Dissipation in Free Air: The maximum safe thermal 
rating at which the transistor may be operated without a heat sink. 

(£) Transistor Dissipation with Heat Sink: The maximum safe ther- 
mal rating at which the transistor may be operated with a heat sink. 

(g) Ambient-Temperature Range: The design limits for ambient tem- 
perature operation or storage of the transistor. 


Q. 3.186. Draw a circuit diagram of a method of obtaining self-bias, 
with one battery, without current feedback, in a common-emitter ampli- 
fier. Explain the voltage drops in the resisters. 


A. For the circuit diagram, see Figure 3.186. The base-to-emitter 
bias (negative) is obtained by a voltage-divider scheme. Because of the 
dc base-to-emitter bias, emitter-to-collector current will flow through 
R3. Additional current flows through R3 and takes the path through 
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OUTPUT 


Fig. 3.186. Simplified schematic diagram of a PNP common-emitter 
amplifier using one battery and self bias. 


R1 and the parallel combination of R2 and the base-to-emitter re- 
sistance. (Since the transistor is forward biased, current flows through 
the base-to-emitter junction, resulting in a low value of base-to-emitter 
resistance.) Because of this voltage divider action, the correct amount 
of base-to-emitter current is permitted to flow, thus establishing the 
desired forward bias. (Remember that a transistor is basically a current 
operated device and that we are interested in the forward bias cur- 
rent, rather than the forward bias voltage. However, these are obviously 
related and this current can also be established by the voltage appearing 
across the parallel combination of R2 and the base-to-emitter re- 
sistance.) The forward bias voltage, from base-to-emitter, has the re- 
quired negative potential for a PNP transistor. 


Dv See'Q, 3.184, 03187 and ©. 3,290{c): 


Q. 3.187. Draw a circuit diagram of a common-emitter amplifier 
with emitter bias. Explain its operation. 


A. For the circuit diagram, see Figure 3.187(a). The input signal 
is applied across resistor R2 to the base-emitter circuit. Bias for the base- 


OUTPUT 


Fig. 3.187(4). Schematic diagram of a PNP common-emit- 
ter amplifier using emitter bias. 
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emitter circuit is the difference of two bias voltages. One is the voltage 
divider scheme described in Q. 3.186 above and the other is the drop 
across R3 (similar to a cathode resistor for a vacuum tube). R3 is intro- 
duced into the circuit for the purpose of bias stabilization. Reliable oper- 
ation of a transistor over a wide range of temperatures, requires that the 
bias voltage and current remain stable. Variations of emitter-to-base junc- 
tion resistance with temperature tend to cause bias changes unless ex- 
ternal compensating circuits are used (such as R3). 

Figure 3.187(b) shows the same common emitter amplifier as in 
Figure 3.187(a), but modified to provide fixed emitter bias originating 
from an external source (Vex). In Fig. 3.187(a), the drop across R3 is 
in opposition to the forward bias. However, in Fig. 3.187(b) an external 
source (Vgg) provides a forward bias (--) at the emitter. (This bias 
adds to the forward bias (—) applied to the base.) The bias at the 


OUTPUT 


Fig. 3.187(b). The circuit of Frg. 3.187(4) modified to 
provide a fixed value of emitter bias from an external source 


emitter is determined by the voltage divider action of R3 and R5 in con- 
junction with Vpp. Actually, the emitter current (Ig) flows through R5 
and tends to reduce the forward bias for the emitter. However, R3 and 
R5 can be easily adjusted to overcome this effect, based on the quiescent 
value of Ip. In addition, bias stabilization is provided by the fixed-bias 
supply and by the “swamping” resistor, as explained in the discussion. 
The use of an emitter resistor also tends to stabilize the quiescent collec- 
tor current. Any tendency to increase collector (and emitter) current, 
causes a voltage drop in the emitter circuit which reduces the forward 
bias and tends to oppose such an increase. Conversely, a tendency to de- 
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crease collector current, reduces the drop in the emitter circuit and in- 
creases the forward bias. This tends to oppose the decrease of collector 
current. This emitter resistor function is applicable to the circuits of 


Fig. 3.187(a) and Fig. 3.187(b). 


D. The emitter-base junction resistance has a negative temperature 
coefficient of resistance, which causes a bias variation with temperature 
changes. One method of reducing the effect of this type of bias variation 
is to place a large value of resistor in series with the emitter lead. This 
resistor is called a swamping resistor. It causes the variation of the emit- 
ter-base junction resistance to be a small percentage of the total resistance 
in the emitter circuit. This technique stabilizes the bias and provides col- 
lector current stability over a wide range of temperatures (for example, 
—65°C to + 125°C). For best results in this technique, the base-circuit 
resistance should be as near zero as possible. One method of accomplish- 
ing this is to use a low-resistance transformer input to the base. 


Q. 3.188. Explain the usual relationship between collector-to-base 
voltage and the alpha-cutoff frequency of a common emitter transistor 
amplifier. 


A. The alpha-cutoff frequency is only indirectly related to the col- 
lector-to-base voltage. [Refer to Q. 3.192(G) for an explanation of 
alpha-cutoff frequency.] This frequency is a function of the physical 
thickness of the base and increases as the base becomes thinner. As 
the base becomes thinner, the allowable base-to-collector voltage de- 
creases. Thus it may be said that the alpha-cutoff frequency ordinarily 
increases as the permissible collector-to-base voltage decreases. 


D. The alpha-cutoff frequency is the high frequency at which the 
current gain of the transistor decreases by 3 db compared to its mid-fre- 
quency (flat) gain. The alpha-cutoff frequency is inversely proportional 
to the square of the base width and directly proportional to the minority 
carrier mobility. On this basis, NPN transistors are superior to PNP- 
types, because electrons have greater mobility than holes. To achieve the 
lowest base transit time, the base should be as thin as possible. However, 
this is limited by the permissible base-to-collector voltage. In transistor 
design, a tradeoff must be made between permissible base-to-collector 
voltage and the alpha-cutoff frequency. 


Q. 3.189. Why is stabilization of a transistor amplifier usually neces- 
sary? How would a thermistor be used in this respect? 


A. (a) Stabilization is usually necessary because transistor parameters, 
such as reverse-bias collector current and emitter-base junction resistance 
(see also Q. 3.187 above), vary with temperature. These cause changes in 
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the transistor operating characteristics with respect to temperature. 
Specifically, emitter current increases with an increase of temperature. 
(b)' A thermistor is used as part of a voltage divider in the emitter 
(or base) circuit. The thermistor causes the transistor bias to change with 
temperature, such that changes in collector current due to temperature 
variations, are cancelled by opposing changes in transistor bias. 


D. The operation of the thermistor stabilization circuit is explained 
in detail with the aid of Fig. 3.189. Forward bias for the base is obtained 
by means of a voltage divider consisting of resistors Rl and R3. This 
voltage remains constant regardless of temperature variations. A re- 
verse bias is applied to the emitter through another voltage divider con- 
sisting of RT1 and R2. The thermistor used for this purpose has a 
negative-temperature characteristic. That is, its resistance decreases with 
an increase of temperature and increases with a decrease of temperature. 


OUTPUT 


INPUT 


Fig. 3.189. Schematic diagram of a PNP common-emitter 
rf . . . & <3 . 
amplifier using thermistor control of the emitter bias. 


Ordinarily (without stabilization), the collector current would tend to 
increase with an increase of temperature. This increase can be counter- 
acted by increasing the reverse bias applied to the emitter through the 
voltage divider consisting of the thermistor and the emitter resistor. An 
increased temperature causes a decrease in resistance of the thermistor. 
This in turn raises the negative reverse bias applied to the emitter and 
decreases the net emitter forward bias. Consequently, the tendency of 
the collector current to increase is counteracted. 


Q. 3.190. Draw simple schematic diagrams of the following 
transistor circuits and explain their principles of operation. Use only 
one voltage source; state typical component values for low power— 
10 MHz operation: 
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(a) Colpitts-type oscillator 

(b) Class-B push-pull amplifier 

(c) Common emitter amplifier 

(d) A PNP transistor directly coupled to an NPN type. 


A. (a) For the schematic of the Colpitts oscillator, see Figure 
3.190(a). For basic discussion and vacuum tube schematic, see Question 
3.86(d). In the transistorized oscillator shown in the figure, positive 
feedback is provided by placing the resonant tank circuit (L-C) in 
parallel with the collector-to-base circuit. The circuit now becomes volt- 
age, rather than current controlled. The feedback is taken from the junc- 
tion of the two series capacitors, Cl and C2, which are effectively across 
the tank. R2 and C3 provide forward base bias and a degree of oscilla- 
tor-amplitude stability. 

(b) The principle of a Class-B push-pull transistor amplifier is basi- 
cally the same as for this type of amplifier using vacuum tubes (see 
Q. 3.50(c) for a discussion of its principles). For a schematic of the 
transistor push-pull, Class-B amplifier, see Figure 3.190(b). Re- 
sistors R] and R2 are proportioned so that both transistors are operated 
at the collector-current-cutoff point. Both transistors will amplify only 
the negative portions of the applied base voltages. In this case, Q1 
amplifies only the second half (2) of the sine wave and remains at 
cutoff during the first half (1). Q2 amplifies the first half (3) of the 
sine wave and is cut off during the second half (4). Note that the top 
and bottom of the output tank circuit receive voltage pulses of the 
same polarity (negative). However these occur a half cycle apart and 
so are correctly phased. The resulting tank circuit output is a com- 
plete sine wave, which is coupled to the succeeding circuit by means of 
the output portion of T2, Resonating the two transformers increases 
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Fig. 3.190(a). Schematic diagram of a Colpitts oscillator 
for 10-MHz operation. 
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circuit efficiency and provides improved waveform (less distortion 
and harmonics) in the output. 

The output transformer is designed to match the low-impedance input 
to the following transistor, from the output impedance of the driving 
transistor. In general, the transistors used have a low value of input im- 
pedance. This prevents self-oscillation, due to feedback, from each collec- 
tor to its associated base. (This is similar to plate-to-grid feedback in a 
vacuum-tube amplifier as explained in Q. 3.125 and Q. 3.128.) However, 
in the case of certain low-power transistors having higher values of input 


5-50pF_. 
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Fig. 3.190(b). Schematic diagram of a Class-B push-pull 
amplifier for use at 10 MHz. 


50 wH 


Fig. 3.190(c). Common-emitter amplifier with components 
for 10-MHz operation. 
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impedance, it may be necessary to employ “push-pull” neutralization, as 
is explained in Q. 3.125, part (3) of the discussion, and is illustrated for 
vacuum tubes in Figure 3.125(e). In the circuit of Figure 3.190(b) the 
same scheme is used, with each neutralizing capacitor connected from 
the collector of one transistor to the base of the other one. 

(c) For the schematic of a common emitter amplifier, see Figure 
3.190(c). For principles of operation, see Q. 3.186 and 3.187 above. 

(d) For a schematic of a PNP-transistor directly coupled to an NPN- 
type, see Figure 3.190(d). This scheme operates by virtue of the 
fact that the polarity of an input signal necessary to increase the con- 
duction of the PNP-transistor is opposite to that required to increase the 
conduction of the NPN transistor. Since a signal polarity reversal occurs 
in QI from base to collector, this condition is satisfied. The proper bias 
for QI is established by the action of the voltage divider consisting of 
R1 and R2. The bias for Q2 is established by the collector current of Q1 
flowing through the emitter to base circuit of Q2. The polarity of the 
base of Q2 is positive with respect to its emitter, thus providing forward 


INPUT 25-100 
MHz pF 


Fig. 3.190(@). A PNP transistor directly coupled to an NPN-type 
for 10-MHz operation. 


base-to-emitter bias. Note that the collector of Q2 is grounded for d-c and 
the collector-to-base potential is actually applied in reverse polarity to the 
emitter of Q2. This is similar to a vacuum tube amplifier wherein the 
plate voltage is actually applied as a negative potential to the cathode. 

Transistor bias stabilization is provided by resistor R3 for QI and by 
resistor R5 for Q2. 


Q. 3.191. Discuss etched-wiring printed circuits with respect to the 
following: 

(a) Determination of wiring breaks. 

(b) Excessive heating. 

(c) Removal and installation of components. 


A. (a) Wiring breaks are determined by point-to-point continuity 
checking with an ohmmeter. (If voltage exists in the circuit involved, 
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voltage tracing could be used with the aid of an ohmmeter. Signal trac- 
ing with an oscilloscope is sometimes desirable.) Since there may be 
many common points permanently connected to the wire in question, a 
physical layout of the printed circuit board would be desirable to assist 
in locating the break. In many cases, the break can be repaired by solder- 
ing or by connecting an external wire across it. 

(b) Etched wiring printed circuit boards are constructed of various 
materials such as epoxy and mylar. The etched wiring is attached to the 
board with a cement or other bonding agent. Such boards are subject to 
damage caused by excessive heat. Such heat can cause distortion of the 
board, or stresses which may result in cracks, wire breaks, or lifting of 
the etched wire from the boards. 

(c) The components may be mounted on the boards by placing the 
component leads directly on a printed circuit finger and welding or 
soldering to the finger. Alternatively, the lead may be placed through a 
printed-circuit hole or eyelet. Generally, components are mounted only 
on one side of the board with their leads inserted into holes or eyelets. 
The other side of the board may then be dip soldered, or wave soldered, 
accomplishing all soldering in one operation, The leads of a defective 
component are usually removed with a small soldering iron. If the leads 
are welded, they are cut and the surface is cleaned in preparation for a 
new weld or for a solder repair. In removing transistors having three 
(or four leads) special attachments are available to a soldering iron so 
that all leads can be unsoldered simultaneously and the transistor pulled 
out of the board. Otherwise, one lead at a time can be unsoldered and 
the transistor gradually rocked out of the board. 


Q. 3.192. What is a junction tetrode transistor? How does it differ 
from other transistors in base resistance and operating frequency? 


A. (a) A tetrode transistor is one which is constructed in the same 
manner as a three-terminal PNP or NPN transistor except for the addi- 
tion of an extra terminal to the base region, as shown in Fig. 3.192. 

The normal emitter, base, and collector terminals are labeled (1), 
(2), and (3). The additional terminal to the base is labeled (4) and is 
supplied with a small negative voltage (0.4 V). The normal base 
terminal (2) is grounded as shown. 

(b) The base resistance is substantially lower than in a three-terminal 
transistor and the operating frequency is increased considerably. 


D. As shown in the figure, the voltage in all portions of the emitter 
and collector is constant. However, because the base is supplied with 0.4 
volt at the top and is grounded at the bottom, a voltage gradient ap- 
pears from top to bottom of 0.4 to 0 volts. As discussed in Q, 3.183, 
forward biasing of an NPN transistor requires that the base be positive 
with respect to the emitter. Note in Figure 3.192 that this condition oc- 
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Fig. 3.192. Diagram of a tetrode (NPN) transistor, illus- 
trating the voltage gradient of the base. 


curs only at the very bottom portion and conduction takes place only 
within this very restricted region of the transistor. This applies to emit- 
ter-to-base current as well as to emitter-to-collector current. Because of 
the small conduction areas involved, the base resistance is substantially 
reduced. In addition, the input and output transistor capacitances are 
reduced. Since both of the above factors largely determine a transistor’s 
high frequency response, the response is substantially increased. 


Note to Students: The following questions on transistors do not 
appear in the current FCC Study Guide, but have been added here to 
improve the students’ knowledge of transistor principles. It is felt that 
this added information will assist the student in answering certain 
questions on transistors which may appear on FCC examinations. 


Q. 3.192(A). What is the meaning of the term “alpha” as ap- 
plied to the performance of a transistor? 


A. The term “alpha” (a) is applied only to common-base ampli- 
fiers, and is a measure of the ‘‘current gain’ of the circuit. The cur- 
rent gain is always less than one in a common-base circuit and may be 
commonly 0.91 to 0.99. 


D. The term alpha (common-base only) is expressed by the simple 
equation 
— Al, 
sau 


a 


This equation shows that alpha may be defined as the ratio of a change 
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of collector current to the change of emitter current which produced 
the collector current change. 

As an example, assume that in a common-base circuit, a change of 
collector current of 1 mA is caused by a change of emitter current of 
1.05 mA. The alpha of this transistor is 

. 1 
= —— = 0.95 
Uist Os ated 

Note that a common-base circuit may be compared to a grounded-grid 
vacuum tube circuit, which has somewhat comparable operating char- 
acteristics. 


Q. 3.192(B). How is the term “alpha,” as applied to transistors, 
expressed more specifically in terms of both dc and small-signal 
(ac) current ratios? 


A. Alpha is a general term, referring to both dc and small signal 
(ac) current ratios. To distinguish between these two types of ratios, 
the dc ratio is commonly designated as ‘“Hpy’ and the small signal 
(ac) ratio, as “he.” 


D. In electronic terminology it is common to represent dc values 
by capital letters and ac values by small letters. In the above designa- 
tions, “H’” (or “h’) represents current amplification; “F” (or aie) 
stands for forward current; and “B’’ (or ‘‘b’) indicates a common 
base configuration. 


Q. 3.192(C). What is the meaning of the term “beta” as ap- 
plied to the performance of a transistor? 


A. The term “beta” (8) is applied only to common-emitter ampli- 
fiers and is a measure of the “current gain” of this circuit. The cur- 
rent gain is always greater than one in a common-emitter circuit and 
some common values lie between 25 and 100. 


D. The term beta (common emitter only) is expressed by the sim- 
ple equation 


Al, 
ore Al, 


This equation shows that beta may be defined as the ratio of the change 
of collector current to the change of base current which produced the 
change of collector current. 

As an example, assume that in a common-emitter circuit, a change 
of collector current of 50 microamperes is caused by a change of base 
current of one microampere. The beta of this transistor is 
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50 
= — = 50 
1 
Note that a common emitter circuit may be compared to a conven- 
tional grounded-cathode vacuum tube circuit and that in this case, beta 
may be compared to the amplification factor of the tube, which relates 
the change in plate voltage caused by a lesser change in grid voltage. 


Q. 3.192(D). How is the term “beta,” as applied to transistors, 
expressed more specifically in terms of both dc and small signal 
(ac) current ratios? 


A. Beta is a general term, referring to both dc and small signal 
(ac) current ratios. To distinguish between these two types of ratios, 
the dc ratio is commonly designated as ‘“‘Hpg’’ and the small signal (ac) 
ratio as ‘‘he,.”’ 


D. In the above designations, ‘‘H’’ (or “h’) represents current 
amplification; “F’’ (or “‘f’) stands for forward current; and “E” (or 
“e’’) indicates a common emitter configuration. [See also Q. 3.192 


(B).] 


Q. 3.192(E). A certain transistor has a small signal (ac) emitter- 
current gain of 0.99. What is the small signal base-current gain? 


A. The small-signal, base-current gain, hy, is 99. 


D. The base-current gain is beta, which for the ac case is designated 
he, [see Q. 3.192(D) ]}. The emitter-current gain is alpha, which for 
the ac case is designated hp, [see Q. 3.192(B) }. The question requires 
that we relate beta in terms of alpha (small signal, or ac cases). Beta 
is related to alpha by the simple equation 


Beta = _ alpha — 
1 — alpha 
or for the ac case 
ia he be 0.99 LNG 


Q. 3.192(F). A certain transistor has a small signal (ac) base- 
current gain of 49. What is the small signal emitter-current gain? 


A. The small signal, emitter-current gain, hp, is 0.98. 


D. (See also the preceding discussion.) The question requires 
that we relate alpha (emitter-current gain) in terms of beta (base- 
current gain) for small signal (ac) cases. Alpha is related to beta by 
the simple equation 
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beta 
MgnRL 1 + beta 
or for the ac case 
Heit Ag 


hep = = 0.98 


1.+h.° 1+49 


Q. 3.192(G). What is meant by the alpha cut-off frequency of 
a transistor? 


A. The alpha cut-off frequency is the high frequency at which a 
transistor connected in the common-base configuration drops in gain to 
0.707 (-3dB) of its value at 1000 hertz. 


D. Note that the alpha cut-off frequency refers only to the com- 
mon-base configuration (hp,) emitter-current gain. Also note that the 
alpha cut-off frequency of any given transistor is always greater than 
the beta cut-off frequency (see next question) of the same transistor. 
This situation is somewhat comparable to the characteristics of the 
grounded-grid amplifier (compared to common-base), which is useful 
to frequencies appreciably higher than the same tube used as a 
grounded-cathode amplifier (compared to the common emitter). See 
also Q. 3.188. 


Q. 3.192(H). What is meant by the beta cut-off frequency of a 
transistor? 


A. The beta cut-off frequency is the high frequency at which a 
transistor connected in the common-emitter configuration drops in gain 
0.707 (-3dB) of its value at 1000 hertz. 


D. In the cases of the beta cut-off frequency and the alpha cut-off 
frequency (discussed in the preceding question), the values refer only 
to the transistor proper and do not take into account the external circuit. 
As in thé case of most amplifiers, the external circuit usually has the 
effect of further reducing the value of useful high-frequency response. 


Q. 3.192(1). With reference to transistors, what is meant by 
the “‘gain-bandwidth” product? 


A. The gain-bandwidth product of a transistor is a number whose 
magnitude is equal to the frequency (in hertz) at which the common- 
emitter current gain (beta) is equal to unity. Thus, if the common- 
emitter gain becomes equal to one at 5 megahertz, the gain-bandwidth 
product is 5,000,000 hertz or 5 MHz. 
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Fig. 3.192(]). The three transistor-amplifier configurations and 
their comparable vacuum-tube amplifier configurations. 


D. The gain-bandwidth product is a commonly used measure of 
the approximate useful frequency range of any given transistor. It is 
also called a “figure of merit” for transistors. 
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Q. 3.192(J). Draw simple schematic diagrams comparing the 
common-emitter, common-base, and common-collector transistor 
amplifier configurations with their similar vacuum-tube configura- 
tions. 


A. The diagrams are shown in Fig. 3.192(J). Note that the com- 
mon-emitter amplifier is similar to the grounded-cathode amplifier; 
the common-base amplifier is similar to the grounded-grid amplifier; 
and the common-collector amplifier is similar to the cathode-follower 
amplifier. | 


D. For a comparison of the operating characteristics of the three 
transistor amplifier configurations, see the next question. 


Q. 3.192(K). Compare the operating characteristics of the com- 
mon-emitter, common-base and common-collector transistor ampli- 
fier configurations, with respect to the following: power gain; volt- 
age gain; current gain; input resistance; output resistance; and 
signal inversion. 


A. The various characteristics are tabulated in Fig. 3.192(K). 


COMMON COMMON COMMON 

CHARACTERISTIC EMITTER BASE COLLECTOR > 
Power Gain | 25—40 dB 20-30 dB 10-20 dB 
Voltage Gain 250-1000 500-1750 Less than 1 
Current Gain 25-55 Less than 1 25-55 
Input Resistance 500-1500 ohms 30-150o0hms 25k-500k 

ohms 
Output Resistance 30k-50k ohms 300k-1M ohm 50-1000 ohms 
Signal Inversion Yes No No 


Fig. 3.192(K). Table showing typical values of transistor 
characteristics for the three amplifier configurations. Values 
are typical for selected medium-power transistors. 


D. Examining the table of Fig. 3.192(K) points up several im- 
portant facts. The common-emitter configuration has intermediate 
values of input and output resistance, the highest level of power gain, 
and a fairly high value of voltage gain. It is also the only configuration 
which produces a voltage inversion of the output signal. 

The common-base configuration has the lowest value of input re- 
sistance, but the highest value of output resistance. It has an inter- 
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mediate value of power gain, but the highest value of voltage gain. 
It is the oniy configuration that has a current gain less than one. 

The common-collector configuration has the highest value of input 
resistance, but the lowest value of outpyt resistance. It has the lowest 
value of power gain and the only configuration with a voltage gain 
less than one. (See also the preceding question for a comparison of 
' the three transistor amplifier configurations to similar vacuum-tube am- 
plifier configurations.) 


Q. 3.192(L). In a common-emitter transistor amplifier, it is 
found that a change in the base voltage of 0.01 volt results in a 
change in collector voltage of 4.0 volts. What is the voltage gain 
of this amplifier? 


A. The voltage gain (A,) is 400. 


D. The voltage gain of a common-emitter amplifier is equal to the 
ratio of the change of collector voltage which is caused by a change of 
base voltage. The simple equation for voltage gain is 


Q. 3.192(M). Figure 3.192(M)(1) shows a low-to-medium 
power silicon transistor, with a beta of 110, connected in a common- 
emitter circuit and employing “fixed” bias. It is desired to operate 
this circuit in class A amplification. Determine the following: (1) 
The required value of Rg; (2) The collector current at the “Q,” or 
quiescent condition (dc); (3) The collector voltage at the “Q” 
condition. 


A. (1) The required value of Rg is 200,000 ohms. 
(2) The collector current (Ig) is 4.4 mA. 
(3) The collector voltage (Eg) is 3.6 volts. 


Fig. 3.192(M)(1). Common-emitter amplifier connected for 
“fixed” bias. 
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Fig. 3.192(M)(2). Load line representing d-c operating 
conditions of the schematic in (1). 


D. Note: In this discussion, refer also to the simplified transistor 
characteristic curves, showing the collector-to-emitter voltage vs. the 
collector current for various values of base current, given in Fig. 3.192 
(M) (2). These curves and the load line are used in the calculation of 
the required values. 

In order to determine class A operation for this transistor, it 1s 
necessary to first draw the dc load line. This load line is drawn in a 
manner similar to that for a vacuum tube as shown in Fig. 3.57. The 
transistor load line is drawn from the point of maximum collector 
current to the point representing the collector supply voltage. The 
maximum collector current occurs when the transistor is in saturation 
and here the collector is assumed to be shorted to the emitter. This 
current 1s 


Voor S eat 
Io max. = oN aide 
The collector supply voltage, Voc, is given as 8 volts. 

Once the load line is drawn, the Q point is chosen such that the 
base current can be varied above and below this value by an approxi- 
mately equal amount. This will insure that the corresponding variations 
in collector current will be practically distortionless, In Fig. 3. 192(M) 
(2), this Q point has been chosen at the intersection of the load line 
and the base current curve representing 40 »A. Having established the 
required dc base-current bias, the value of Rg is found (to a very close 
approximation) by 
Voc 8V 


— —— — 200,000 ohms 


Samar I 
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—30 V (Vec) 
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Fig. 3.192(N). Common-emitter amplifier using voltage-divider, 
base bias and employing a bias-stabilizing emitter resistor. 


(Since dc base-to-emitter diode resistance is a small fraction of Rg, it 
may be ignored in this calculation.) 
The collector current is easily found now, and is 


I, = beta & Ip = 110 XK 40pA=44mA 
The collector voltage is also easily found. It is 
Eo = Voc - (Io pd R,) = SVS (4.4 mA « 1000) = 3.6 volts 


Note that both the collector current and the collector voltage can 
be found to a very close approximation from the characteristics curves 
and these points on the curves should be checked to verify the cal- 
culated values. These values are found on the curves by extending a 
line from the Q point, horizontally to the left to obtain the collector 
current. The collector voltage is obtained by extending a vertical line 
down from the Q point, to obtain the collector voltage. 


Q. 3.192(N). Fig. 3. 192(N) (1) shows a low-to-medium power 
germanium transistor with a beta of 90, connected in a common- 
emitter circuit, employing voltage-divider type base bias, and an emit- 
ter bias-stabilizing resistor, R3. It is desired to operate this circuit in 
class A amplification. Determine the following: (1) The magnitude 
of V, required to bias the transistor class A; (2) The values of 
the base-bias resistors, R1 and R2 required to provide the base- 
bias voltage (Vg) for class A operation; (3) The dc (no-signal) 
collector current. 
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A. (1) The class A, base bias (Vg) is, —3 volts. 
(2) R1 = 75,000 ohms. R2 = 8500 ohms. 
(3) The dc collector current is 3 mA. 


D. While the solution requires several steps, it is not difficult if 
the steps are taken in logical order, as presented below. 


STEP 1: DETERMINE THE CLASS A BASE-BIAS 
VOLTAGE (V3) 


To determine this, we must first find the limits of the emitter voltage 
(V,), at cut-off and saturation. 

(a.) At cut-off, with no current in R3, Vp is at ground potential, or 
is zero. 

(b.) At saturation, Vg max is found by 


oe R3 a 1000 
Vie max = R3 + R4 Seale Visors 1000 + 4000 


Halfway between zero volts and —6 volts is —3 volts (Vg) which is the 
optimum base bias for class A operation. However, Vz = Vz, sO Vz = 
—3 volts. 


x (-30) =-6V 


STEP 2: DETERMINE THE VALUES FOR R1 AND R2 


Resistors R1 and R2 may be selected with reasonable accuracy by 
assuming a value for R2 and calculating R1 on this basis. 

For germanium transistors of the general type discussed in this ques- 
tion (beta can be greater or less), a value of R2 such as chosen here 
(8500 ohms) can be assumed. (Actually any value between 5000 and 
10,000 ohms could be chosen.) Having selected R2, R1 is chosen so 
that the desired bias will appear at the base. 

In this problem, having selected a value of 8500 for R2, Ri is 
chosen at 75,000 ohms to provide the required —3 volts at the base 
(using practical resistors). 

Note: If the transistor in question was a silicon transistor of the 
same general type, the value of R2 would be about 7 times greater 
(35,000 to 70,000 ohms). (The base-input resistance of a silicon 
transistor is about 7 times greater than that of a germanium transistor.) 

The answer to part (2) of the question is R1 = 75,000 ohms, R2 = 
8500 ohms. 
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STEP 3: WHAT IS THE DC COLLECTOR CURRENT? 


In step 1(b), it was determined that Vz was —3 volts based on a 
halfway point of —3 volts for the emitter voltage. [While not stated 
at that time, it can be assumed for germanium transistors (only), that 
the dc emitter voltage is always equal to the dc base voltage be- 
cause of the very small (.1 —.2 volts) base-to-emitter drop. ] 

Thus, there is a 3 volt drop across R3, and the emitter current is 


But, practically, Ip = Ep = 3 mA. 

Q. 3.192(O). In Fig. 3.192(N)(1), what is the voltage gain of 
the circuit? 

A. The voltage gain, Ay = 460. 


D. If there is no unbypassed emitter resistance, as in this case, 
the voltage gain is found by 


However, r, is found by dividing the constant 0.026 by the dc emitter 
current, thus 


_ 0.026 
~ 3mA 


and 


4000 
eet 2) SAO 
oe 8.7 ° 


fo = 8.7 ohms 


Note: If the circuit contains an unbypassed emitter resistance, this 
must be included in the equation for voltage gain, as 
print Ra 
¥ fe + Rp 


Q. 3.192(P). A two-stage common-emitter transistor audio am- 
plifier is RC coupled. The low frequency response (determined by 
Cz only), is to be down 3 dB at five hertz (F,). The total output 
impedance (r,) of the driving stage (Q1) is 3370 ohms and the 
total input impedance (r;) of the driven stage (Q2) is 2080 ohms, 
Determine the value of the interstage coupling capacitor, Cp, which 
will provide the desired low frequency response. 
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Fig. 3.192(P). Simplified diagram of a two-stage transistor audio 
amplifier, to facilitate calculation of the value of the interstage 
coupling capacitor, Cp. 


A. The required value of Cg is 5.8 pF. (A commercial value of 6 
uF is available.) 


D. The value of C, can be easily found from the simple equation 


1 
Cs Wu 2a F, x Ry 
{Refer to the simplified diagram of Fig. 3.192 (P).] We know F, 
since this is given at 5 hertz (3 dB down), but we must first solve for 
Rp, as follows: 


Ry = fz + 1 = 3370 + 2080 
= 5450 ohms 
pl! 


Cn = $8 5 5450 


= 0.0000058 farad = 5.8 pF 

Note: This problem has been deliberately simplified for the purpose 
of answering similar questions as they might be asked on FCC ex- 
aminations. In practice, the values of r, and r, would have to be 
calculated for the particular amplifiers involved. This process is some- 
what more complicated than the simplified example given above. 


Q. 3.192(Q). A transistor audio amplifier, of the common- 
emitter type, employs an emitter resistor and bypass capacitor. It is 
desired that the emitter circuit response will be -3 dB at 50 hertz 
(F,). What is the required value of the emitter bypass capacitor if 
the effective value of the emitter resistance, Rpr, is 48 ohms? 


A. The required value of the emitter bypass capacitor, Cy, 1s 
66.3 pF. (A 60 pF capacitor would generally be adequate.) 
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Fig. 3.192(R). A 30-MHz, common emitter amplifier, biased class B. 
A low-power silicon transistor is used (see text). 


D. The value of Cy can be easily found from the simple equation 
na) 1 

en F, X Reg 

git 1 

~ 6.28 & 50 & 48 
= 66.3 pF 


Note. As in the case of Q. 3.192(P), this problem has been simpli- 
fied for the purpose of answering similar questions as they might be 
asked on FCC examinations. 


Cy 


= 0.0000663 farad 


Q. 3.192(R). The schematic diagram given in Fig. 3.192(R) is 
a 30-MHz, low-power RF amplifier, employing a silicon transistor. 
Calculate the value of R1 and R2 necessary to provide class B 
bias for this amplifier. Also, discuss the requirement for the value 
of capacitor C1. 


A. The value of R1 is 1,000 ohms and R2 is 19,000 ohms. (This 
combination provides a forward bias of 0.6 volt.) Capacitor C1 must 
provide an ac ground at the bottom of the secondary of T1 and thus 
it must have a very low value of reactance at 30 MHz. 


D. Unlike vacuum tubes, most similar transistors have an almost 
identical value of junction-barrier voltage. For low-power silicon tran- 
sistors, the barrier voltage for the base-to-emitter junction is about 0.6 
volt. This voltage, which is due to the physics of the transistor, is a 
“back voltage,” which tends to oppose the flow of base-to-emitter 
current. 
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Base-to-emitter current cannot begin to flow until this barrier voltage 
is overcome (this is true also of collector current). Thus, to bias a 
transistor at class B, it is necessary to supply a forward-bias voltage 
which will just overcome the barrier voltage of 0.6 volt. (This ts 
equivalent to biasing a vacuum tube at cut-off bias.) 

The voltage divider consisting of R1 and R2 is chosen so that it 
will provide a forward bias of 0.6 volt to the base. Obviously, there 
are an infinite number of combinations which will provide the voltage. 
Since the signal is grounded (for ac) by the low reactance of C1 (0.5 
ohm), the value of R1 is not critical. However, the overall divider 
should not draw appreciable current from the power supply and for 
this case a bleeder current of 0.6 mA was chosen. R1 and R2 values 
were then based upon this bleeder current. [See also Q. 3.190(b). 
In the figure, if Vog was 6 volts, the forward bias would be 0.66 
volt. } 

In some cases of class B operation, it is desirable to provide a small 
additional forward bias, since this reduces the required amount of drive. 

Germanium transistors have a much lower base-to-emitter barrier 
voltage. For low power germanium transistors, the barrier voltage is 
about 0.1 volt. In this case class B operation can be easily achieved by 
operating the transistor with zero forward bias. 

High power silicon transistors have a barrier voltage in the order of 
0.5 volt, while high power germanium transistors have a barrier voltage 
in the order of 0.2 volt. 


Q. 3.192(S). What is the approximate class C bias for medium 
power, silicon, and germanium transistors? 


A. The approximate class C bias is 0 volts between the base and 
emitter. 


D. The usual class C bias is set so that approximately 120 degrees 
of collector current will flow per cycle. For typical, medium power 
silicon and germanium transistors, this condition occurs (approxi- 
mately) when the dc bias between the base and emitter is 0 volts. 

A typical medium power silicon transistor [see Fig. 3.192(S) ] has 
a base-to-emitter barrier voltage [see D. for Q. 3.192(R)]} of 0.6 
volt. This type of transistor reaches collector-current saturation with a 
base-emitter voltage of 1.5 volts. With zero bias, the signal swings 
around this value and varies from zero to 1.5 volts, to zero, to minus 
1.5 volts. However, from zero to 0.6 volt (forward-bias direction), 
there will be no collector current, which will flow only when the for- 
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ward bias voltage is between 0.6 and 1.5 volts (produced by higher 
amplitudes of the input signal). Thus class C operation is achieved. 

The same general principle applies to the medium power germanium 
transistor, except that the barrier is 0.2 volt and the collector current 
saturation occurs at 0.55 volt. 

Fig. 3.192(S) gives the values of barrier voltage, collector saturation 
current, and approximate class C bias voltages for low, medium, and 
high-power silicon and germanium transistors. This table is based upon 
typical transistors used in the three power ranges. 

Note that while zero bias, transistor class C amplifiers are frequently 
used, this is not the only method of obtaining class C bias. One dis- 
advantage of this scheme is that it is not self-adjusting and thus can- 
not readily accommodate varying levels of input signal. The use of 
grid-leak bias (see Q. 4.46 )in vacuum tubes operated as class C am- 
plifiers permits the bias to vary with the amplitude of the input signal. 
This method minimizes changes of output power which might occur 
due to variations of input power. Similar schemes are also used with 
transistor class C amplifiers, as described in Q. 3.192(T). 


Q. 3.192(T). It is desired to operate a high power germanium 
transistor in a 30-MHz class C amplifier, using a base self-bias RC 
network. The peak base current (at collector saturation) is 20 mA. 
Determine the required values of the resistor and capacitor for the 
bias network. 


A. The resistor, Rp = 35 ohms. 
The capacitor, Cg = 0.01 pF (not critical). 


D. Refer to the simplified schematic diagram of Fig. 3.192(T). 
Base current flows only during the positive portions of the RF input 
signal. It flows through the bias network in the direction shown, pro- 
ducing a reverse bias across the network. The value of the resistor is 


Fig. 3.192(T). Simplified schematic diagram of a germanium 
transistor, 30-MHz high-power class C amplifier, with base-self bias 
(see text). 
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Fig. 3.192(U). Simplified schematic diagram of a germanium 
transistor, 30-MHz high-power class C amplifier, with 
emitter-self bias (see text). 


V Li 
Ra = —— = —~ = 35 ohms 
BGT) TPG Oe 820 : 

The value of the capacitor is not critical, but it must present a very low 
reactance at the operating frequency. A 0.01-yF capacitor is chosen, with 


a reactance of 0.5 ohm. 


Q. 3.192(U). Using the same transistor and operating condi- 
tions as in Q. 3.192(T), but employing an emitter-bias network, 
determine the required values of the resistor and capacitor for the 
bias network. The peak collector current is 500 mA. 


A. The resistor, Ry = 1.4 ohms. 
The capacitor, Cg = 0.1 pF (not critical). 


D. Collector current as well as base current flows only during the 
positive portions of the input RF signal. The collector current flows 
through the emitter-bias network in the direction shown in Fig. 3.192 
(T), producing a reverse bias across the network. The value of the 
resistor 1S 

pe A Ae rat = 1.4 ohms 
Tin ic e500 
As in the previous question the value of Cg is not critical. However, 
its reactance must be small compared to Rg in order to avoid degenera- 
tion in the emitter circuit. A value of 0.1 »F has been chosen, since it 
has a reactance at 30-MHz of only .05 ohm. 

The base self-bias scheme shown in the previous question is quite 
widely used, but has the disadvantage that too high a value of Rg 
limits the usable collector-to-emitter breakdown voltage. On the other 
hand, the emitter self-bias arrangement described in this question does 


Element III Basic RADIOTELEPHONE 273 


not affect the transistor breakdown characteristic and also provides 
thermal stability. 

Some class C amplifiers employ a combination of both the base and 
the emitter-bias schemes. In this design, the required bias is provided 
partially by each bias network. 

As mentioned in the discussion of Q. 3.192(S), both the base and 
the emitter self-bias methods have the advantage of being self-adjusting 
to changes of input signal level. With either (or both) of these 
schemes, an increase of input signal will result in an increase of bias 
and a decrease of signal level will result in a decrease of bias, with the 
output power remaining fairly constant. 


ANTENNAS 


Q. 3.193. Explain the voltage and current relationships in one-wave- 
length antenna; half-wavelength (dipole) antenna; quarter-wavelength 
“grounded” antenna. 


A. (a) In a one-wavelength antenna, the current is minimum at 
both ends and at the center of the antenna. Simultaneously, the voltage 
is maximum at these points. This may be seen clearly in the accompany- 


ing figure (Fig. 3.193(a)). 


E 


Fig, 3.193(a). Voltage and current distribution along a 
one-wavelength antenna (full-wave antenna). 


(b) As shown in Fig. 3.193(b), the voltage is maximum and the 
current minimum at both ends of a half-wavelength antenna. In addition, 
the impedance is maximum at both ends (2500 ohms) and minimum 
(73 ohms) at the center. Half-wavelength antennas are invariably fed 
at the center with a low-impedance transmission line. 

(c) For a quarter-wavelength “grounded” antenna, the ground acts 
as a mirror to supply the second half of a half-wave antenna. The maxi- 
mum current is therefore at the ground point, as is the minimum voltage. 
At the top of the antenna, the current is minimum and the voltage 
maximum. 
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Fig. 3.193(b). Current and voltage distribution on Hertz 
antenna. 
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Fig. 3.193(c). Current and voltage distribution along a 
guarter wavelength, “grounded” antenna. 


The current and voltage distribution for a “grounded,” quarter-wave 
antenna is shown in Fig. 3.193(c). 


D. General: An antenna is a special type of resonant circuit. In the 
familiar type of resonant circuit where coils and capacitors are used, the 
dimensions of these circuit elements are generally a small percentage of 
a wavelength( 14, 1/4, or 1 wavelength or greater), a good deal of ra- 
diation of the electromagnetic energy will take place and for all practical 
purposes, the circuit represents an antenna. In practice, to achieve the 
a wavelength (14, 4, or one wavelength or greater), a good deal of ra- 
diation of the electromagnetic energy will take place and for all practical 
purposes, the circuit represents an antenna. In practice, to achieve the 
greatest radiation efficiency, antennas are composed of straight resonant 
wires (or rods), or combinations of such elements. As in any resonant 
circuit, the greatest current will flow when the circuit is resonated to the 
applied frequency. When an antenna is resonant, it achieves the greatest 
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amount of radiation because maximum current then flows in the conduc- 
tor(s). The shortest length of antenna wire that can be made resonant 
to any given frequency is one-half wavelength. Such an antenna is com- 
monly known as a “dipole.” (See part (b) of this discussion. See also 
Q. 3.14.D. for a discussion of radiation fields from an antenna.) 

If an antenna wire was infinitely long and excited at some frequency, 
the r-f energy would travel down the wire and would be dissipated in 
the form of radiation and heating of the wire. However, when the wire 
has a finite length and is short in terms of wavelengths, the original ex- 
citation energy (incident wave) reaches the end of the antenna with very 
little attenuation. At this point, it sees an open circuit and is reflected 
back (reflected wave) toward the feed point. However, the incident wave 
is continuously present and the two waves combine to create “standing” 
waves on the wire. (See Q. 3.215 and Q. 3.216.) In the three figures for 
this question the “standing” waves of voltage and current are shown for 
three antennas of different wavelengths. 

(a) In Fig. 3.193(a), the antenna illustrated is an electrical wave- 
length long (see Q. 3.203(d)). As such, a full wavelength of voltage and 
current standing waves appear on the antenna. The distribution of the 
voltage and current is sinusoidal. Also, note that they change polarity at 
certain fixed points along the antenna. The voltage changes polarity at 
the one-quarter and three-quarter wavelength points. However, the cur- 
rent changes its polarity at the half-wavelength point and is always 90 
degrees out of phase with the voltage. Note that the voltage and current 
radiated fields (Q. 3.14) are also 90 degrees out of phase. An interesting 
fact is that identical transmitting and receiving antennas have the same 
standing wave pattern, impedance distribution and directivity pattern. 

The impedance along any point of an antenna (see Q. 3.194) is deter- 
mined by the ratio of the voltage to the current at that point. Exami- 
nation of Fig. 3.193(a) indicates that a full-wavelength antenna has 
maximum impedance at the center and both ends of the antenna, and 
minimum impedance at the one-quarter and three-quarter wavelength 
points. 

(b) The simple dipole antenna is the basis of practically all antenna 
systems. As shown in Fig. 3.193(b), it is an electrical half wavelength 
long. The actual length of a dipole in feet may be computed from the 
formula 


L = 492 x 0.95/f (MHz) = 468/f (MHz) 


The factor 0.95 is necessary because the velocity of propagation on the 
antenna is less than the velocity in free space. Impedance values meas- 
ured at any point on an antenna are a function of the magnitude of the 
current and voltage at that point. At the center of a dipole where the 
current is a maximum and the voltage a minimum, the impedance is 
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equal to 73 ohms. At the ends, the impedance is about 2500 ohms. Since 
dipoles are usually fed at the center, the value of 73 ohms is of great 
importance because it must be matched to the transmission line. A com- 
mon impedance for one type of coaxial line is 72 ohms and this type of 
line is frequently used to match correctly to the center of a dipole an- 
tenna (see D. of Q. 3.211). 

(c) The quarter-wave “grounded” antenna operates with its lower 
end closely coupled to ground, or to a metal ground plane (see Q. 3.204). 
The quarter-wave rod acts as one half of a half-wave antenna. The earth 
or ground plane (see Q. 3.204) acts as a mirror and supplies the other 
quarter-wave section, as shown in Fig. 3.193(c). This type of antenna is 
frequenly referred to as a Marconi antenna. If a vertical grounded an- 
tenna is to show a resonant (resistive) impedance at its base, it must be 
an odd number (1, 3, 5, etc.) of quarter-wavelengths long. This antenna 
is fed at its base where there is a low impedance of about 38 ohms. (See 
Q. 3.209 for methods of feeding such antennas.) If an antenna is less 
than one-quarter wavelength high, it presents a capacitive reactance at 
its base. In this case an inductance must be added in series with the 
antenna to make it resonant. On the other hand, an antenna having a 
length between one-quarter and one-half wavelength will look inductive 
at the base. Such an antenna may be resonated with a series capacitor 
which will “tune-out” the inductance and make the base-input im- 
pedance, resistive. (See also Q. 3.203(c) and (d).) 

The concept of a “mirror” or “image” antenna is a convenient one to 
describe the effect of the ground plane in reflecting the original wave 
from the physical antenna back into space. This ground-plane reflection 
causes a reflected wave to occur, which has the same characteristics as if 
this reflected wave originated at a second antenna. This second antenna 
would be identical to the real antenna, but situated under the ground 
directly below it. As shown in Fig. 3.193(c), the “mirror-image” antenna 
exhibits a “mirror-image” of the voltage polarity which appears across 
the real antenna. As a result, the current in each portion of the “antenna” 
flows in the same direction, producing a reinforced transmitted wave. In 
physical terms, what actually happens is that the vertically polarized 
waves will be reflected from a highly conductive ground plane without 
any appreciable change in phase, and tend to reinforce the wave from 
the physical antenna. 


Q. 3.194. What effect does the magnitude of the voltage and current, 
at a point on a half-wavelength antenna in “free space” (a dipole), have 
on the impedance at that point? 


A. The impedance measured at any point on a dipole in free space, 
is equal to the ratio of the voltage to the current at that point. (The 
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actual magnitude of the values of voltage and current is of no conse- 


quence, other than to establish the ratio, Z = —.) 


I 
D. See Q. 3.193(b), Answer and Discussion. 


Q. 3.195. How is the operating power of an AM transmitter deter- 
mined using antenna resistance and antenna current? 


A. The operating (output) power is found by multiplying the square 
of the antenna current by the antenna resistance (radiation resistance). 


D. See Q. 4.102. See also Q. 4.113 and Q. 4.124. 

“Radiation resistance’ is a fictitious quantity of resistance which, while 
not present physically in the antenna, is equivalent to a resistance which 
if inserted in the antenna would dissipate an amount of power equal to 
that radiated from the antenna. 

In defining the radiation resistance it is necessary to refer it to a 
particular point in the antenna. This point is usually taken at a current 
loop (maximum). The radiatioh resistance must be such that the square 
of the current times the radiation resistance will equal the power ra- 
diated. The grounded end is frequently used as the current reference 


radiated power 


: . To determine an- 


point. Radiation resistance, Ryaq—= 
Das 


tenna or radiation resistance by the resistance substitution method, a 
known value of non-inductive resistance is placed in series with the an- 
tenna and antenna ammeter, and a shorting switch is connected across 
the resistance. All circuits should be correctly tuned and the driver 
power and output voltage should be maintained constant during the 
readings. The “antenna resistance” is found from the formula, Raq = 


IE 


Te R,, where R,; is the known resistance, J» is the antenna cur- 
bed 6 


rent with R, in the circuit, J, is the aritenna current with R,; shorted out. 


Q. 3.196. What kinds of fields emanate from a transmitting antenna 
and what relationships do they have to each other? 


A. Two kinds of fields emanate (radiate) from a transmitting an- 
tenna. These are (1) the electric field, which lies mainly along the 
plane of the antenna and (2) the magnetic field, which lies mainly 
perpendicular to the plane of the antenna. (An “induction” field having 
the same relationship described above exists in proximity to the antenna 
wire, but is not radiated. Its amplitude varies inversely as the square of 
the distance from the antenna.) A graphical representation of the mag- 
netic and electric fields emanating from a vertically-polarized antenna 
is shown in Figure 3.196. These fields are varying in magnitude and 
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Fig. 3.196. Graphical representation of the electric and 
magnetic fields from a vertically polarized antenna. 


direction in a sinusoidal fashion at the rate of the transmitted frequency. 
The arrows indicate the instantaneous directions of both fields for a wave 
which is traveling toward the reader. A radiated wave in free space 
decreases in strength inversely with the distance from the antenna. In 
practice, the attenuation is greater, due mainly to absorption of the 
energy by the ground and by atmospheric conditions. 


D. See the discussion for Q. 3.14. 


Q. 3.197. Can either of the two fields that emanate from an antenna 
produce an emf in a receiving antenna? If so, how? 


A. This question is of a highly theoretical nature since it ap- 
pears that the two fields are always present in a radiated wave (see 
Q. 3.196 above), and are interdependent. However, if it is assumed, for 
example, that only the electromagnetic wave intercepts a receiving an- 
tenna (correctly polarized) a voltage will be induced in the receiving 
antenna. However, this immediately sets up an electrostatic field in the 
receiving antenna, causing current to flow and thus produce its own 
electromagnetic field. This locally restores the condition of the two inter- 
dependent fields. Similarly, it might be considered that the electrostatic 
field only intercepts a correctly polarized receiving antenna. A potential 
difference will be induced across the antenna, causing current to flow 
in the antenna. As above, the twin and interdependent fields will again 
be produced. 


Q. 3.198. Draw a sketch and discuss the horizontal and vertical radi- 
ation patterns of a quarter-wave vertical antenna. Would this also apply 
to a similar type of receiving antenna? 
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A. (a) The patterns are given in Figs. 3.198(a) and 3.198(b). Note 
that the horizontal radiation pattern is omnidirectional and radiation is 
equal for all azimuth angles. In Figure 3.198(b) (vertical pattern), 
observe that the strength of radiation is greatest along the horizon and is 
reduced practically to zero at an angle of 90 degrees above the horizon. 


0° 


315° TOP VIEW OF VERTICAL 
ANTENNA 


NON-DIRECTIONAL 270° 


PATTERN (CIRCLE) 90° 


1g0° 


Fig. 3.198(a). Horizontal radiation pattern of a quarter-wave 
vertical antenna. 


oO? 


Fig. 3.198(b). Vertical radiation pattern of a quarter-wave 
vertical antenna. 


(b) The same basic patterns apply to transmitting and receiving an- 
ternas. 


D, See Q. 3:193(c). 


Q. 3.199. Describe the directional characteristics, if any, of horizontal 
and vertical loop antennas. 


A. (a) A horizontal loop antenna is non-directional along the plane 
of the loop. It has minimum radiation or reception vertically. A loop 
antenna is rarely used in the horizontal plane since its primary func- 
tion is to provide direction-finding. This requires a directional pattern 
which is discriminatory in the azimuth (horizontal) plane. (See Part 


(b).) 
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(b) A vertical loop antenna has a bi-directional pattern which is 
maximum in the directions in the plane of the loop, and minimum in 
the directions broadside to the loop. This directional pattern is clearly 
shown in Fig. 3.199. 
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Fig. 3.199. Directional pattern (bilateral) of loop antenna. 


Loop antennas are shielded in order to minimize “antenna ef- 
fect” and provide a sharper indication of direction. “Antenna effect” 
causes a broadening of the null points because of the unsymmetrical 
capacity balance between the loop antenna and ground. The shield 
must be electrostatic only and, therefore, is electrically broken by a 
small section of insulating material. 


D. - See Q. 3.210. 


Q. 3.200. In speaking of radio transmissions, what bearing does the 
angle of radiation, density of the ionosphere and frequency of emission 
have on the length of the skip zone? 


A. See Figure’ 3200; 

(a) Angle of radiation: The smaller the angle of radiation at 
which a wave leaves the earth, the greater will be the length of the skip 
zone. 

(b) Density of the ionosphere: The greater the density of the iono- 
sphere, the more wave refraction (bending) takes place and the shorter 
will be the length of the skip zone. 

(c) Frequency of emission: In general, the higher the frequency (be- 
low a critical value) the longer will be the skip zone. 


D. (a) (Refer to the figure.) If radio waves are propagated at rela- 
tively low angles (to the earth), they require less refraction by the 
ionosphere to return them to earth and consequently have a relatively 
long “skip zone.” Higher-angle radiated waves are returned to earth 
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by greater refraction angles, producing shorter skip zones. At still higher 
angles (above a critical angle for the particular frequency used) the wave 
may pass completely through the ionized layer and may not be returned 
to earth at all. In this case, only the ground wave is effective in providing 
communication. 

(b) The amount of wave bending is proportional to the density of the 
ionization of a particular layer, so that shorter skip zones occur for 
higher densities. However, some of the wave energy is absorbed in the 
ionosphere and only a portion is returned to earth. The amount of ab- 
sorption increases with the density of ionization, with the density of the 
ionized atmospheric region, and with a decrease of frequency. 

It is interesting to note that the ionization may exist in several layers, 
which are designated by letters. Thus, the “D” layer exists from 30 to 55 
miles high and exists only in sunlight. The “E” layer is the lowest, mak- 
ing possible long-distance communication and is about 65 miles high. 
It is minimal around midnight. The most intensely ionized layer is the 
F2 layer, which varies from 150 to 250 miles in height. The F2 layer 
maintains the most constant density over the 24-hour period and is im- 
portant in long-distance communication. At high frequencies (15 to 30 
MHz) the waves may pass completely through the “D” and “E” layers, 
but may be returned to earth by the denser F2 layer. 


ABOVE HIGHER 
CRITICAL sf FREQUENCY 


ANGLE 7 WAVE 


IONIZED 
LAYER 


TRANSMITTER ~ 7, 


Fig. 3.200. Illustrating the refraction of radio waves and the 
“skip zone.” Note that higher frequency wave, or lower radia- 
tion angle may increase the “skip zone.”’ 


(c) As the emission frequency increases, the amount of “wave bend- 
ing” decreases, resulting in longer skip zones. However, for a given angle 
of radiation, as the frequency is increased, a frequency will be reached 
where the wave bending is not sufficient to return the wave to the earth 
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(see the figure) and no “skip” reception is possible. However, under 
this condition “skip” reception may sometimes be possible by lowering 
the radiation angle. It should be noted in connection with “skip” recep- 
tion that frequencies above about 50 megahertz are seldom of value for 
reliable reception. 

The subject of “skip zone” is of necessity covered very inade- 
quately by this question. Many variables and special conditions affect the 
phenomena of “skip.” For more detailed information, it is recommended 
that the reader consult a book specializing in radio transmission. An ex- 
cellent discussion may also be found in the ARRL Handbook, or other 
amatcur radio handbooks. 


Q. 3.201. Why is it possible for a sky wave to “meet” a ground wave 
180 degrees out of phase? 


A. Since the paths traveled by the sky wave and ground wave are 
of different lengths, the combined waves at a receiving antenna are usu- 
ally out of phase. If the sky wave arrives at the receiving antenna such 
that its path is exactly one-half wavelength longer (or an odd multiple 
thereof) than the path of the ground wave, the two waves will be 180 
degrees out of phase and severe fading will occur. Because of periodic 
changes in the strength and the path length of the sky wave, the signal 
strength at the receiving point may go through variations as the two 
signals change from an in-phase to an out-of-phase condition. This is a 
frequent cause of fading. 


D. One method of minimizing fading effects is the use of a diversity 
antenna receiving system. 

It has been determined that signals which are induced in an- 
tennas spaced 5 to 10 wavelengths apart will fade in and out independ- 
ently of each other. Thus if three or more such antennas are connected 
to separate receivers with a combined output, the chances are very 
small that the received signal will ever fade out completely. The AVC 
voltages developed by the three receivers are added and the combined 
voltage is used to control the gain of three receivers simultaneously. In 
this manner the channel receiving the strongest signal at any instant 
is the one which is contributing most to the output, the other two 
being relatively inoperative at that instant. 


Q. 3.202. What is the relationship between operating frequency and 
ground-wave coverage? 


A. In general, ground-wave coverage decreases with increasing fre- 
quencies. For frequencies above 5 to 10 megahertz, the reliable ground- 
wave coverage may be only a few miles. 


D. Ground-wave coverage for a given frequency may be increased by 
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a substantial increase in transmitter power. Also, for high-frequency 
transmission, locating the transmission antenna at a high point will in- 
crease ground coverage. Typical examples of the latter are TV and FM 
broadcast antennas. Ground-wave coverage is limited by the energy 
absorption of the ground and other conducting mediums. The effect 
increases as the frequency increases and ground-wave coverage is not 
valuable above about 5 to 10 MHz. (See also Q. 3.200.) 


Q. 3.203. Explain the following terms with respect to antennas (trans- 
mission or reception): 

(a) Field strength 

(b) Power gain 

(c) Physical length 

(d) Electrical length 

(e) Polarization 

(f) Diversity reception 

(g) Corona discharge 


A..‘(a) Field strength (or field intensity): The signal voltage induced 
in an antenna, measured in millivolts or microvolts per meter. 

(b) Power gain: The power gain of a given transmitting antenna is 
the ratio of the power radiated (in its maximum direction of radiation), 
compared to the power radiated by a standard (usually dipole) antenna. 
Both antennas must have the same polarization. 

(c) Physical length: The “physical” length of an antenna is its ma- 
terial length as measured in inches or feet. This is generally slightly 
shorter than the “electrical” length of the antenna. (See discussion.) 

(d) Electrical length: The “electrical” length of an antenna is a de- 
scriptive and not a physical measurement. Rather, it is the wavelength 
(or fraction of a wavelength) to which a given antenna is resonant. In 
the case of a half-wave dipole, the “electrical” half-wavelength in meters 
is slightly (5°4) longer than the actual physical length of the rod. (See 
discussion. ) 

(e) Polarization: The polarization of an antenna is determined by its 
position with respect to the earth. (The polarization is determined by 
the direction of the electric field which is parallel to the physical plane 
of the antenna.) Thus, a vertical antenna is vertically polarized and a 
horizontal antenna is horizontally polarized. 

(£) Diversity reception: See D. of Q. 3.201. 

(g) Corona discharge: Corona discharge is an electrical discharge 
which generally takes place between a conductor and its surrounding 
medium, which may be the atmosphere or an insulating material. 


D. (a) The field strength of a standard broadcast station varies in- 
versely as the distance from the antenna. 
The field strength is a measure of the magnitude of the voltage 
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(not power) in millivolts or microvolts per meter. The power would 
vary as the square of the voltage or inversely as the square of the dis- 
tance. The value of field strength at moderate distances from the trans- 
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mitter is found from the formula, E = millivolts per meter, where 


h = effective antenna height in meters. 

I = antenna current in amperes. 

AX = operating wavelength in meters. 

r = distance from antenna in meters. 

(See also Q. 4.57.) 

(b) Antenna “field gain”, which is a voltage ratio is sometimes used 
instead of antenna “power gain.” : 

“Antenna field gain” is the ratio of the voltage induced into. a 
receiving antenna under two separate transmitting conditions. The first 
condition is when a relatively complex transmitting antenna system 1s 
used and the second case is when a simple dipole transmitting antenna 
is used. 

The ratio is usually taken with respect to a dipole antenna as 
a reference value. The actual power output of the transmitting anten- 
na is not increased to produce a field gain. Rather the available energy 
is concentrated or focused in the desired directions. According to a de- 
finition of the FCC, “antenna field gain” is defined as the “ratio 
of the effective free space field intensity, produced at 1 mile in the hor- 
izontal plane and expressed in millivolts per meter or 1-kilowatt antenna 
input power, to 137.6 microvolts per meter.” The figure of 137.6 micro- 
volts per meter is the figure used to represent an average value of field 
strength, at a point 1 mile from the antenna, which would be produced 
by 1 kilowatt radiated from a simple dipole at the mean height of the 
antenna being measured. 

(c) The physical length of an antenna is actually somewhat less than 
its electrical length due to “end effect,” which results from the capaci- 
tance between the ends of the antenna and the earth. The end effect 
varies with the height of the antenna, the diameter of the antenna, and 
the excitation voltage. As an average figure the physical length is usual- 
ly about 5° less than the electrical length. 

(d) The following discussion illustrates the reason why in the prac- 
tical case, the “electrical” length is always greater than the “physical” 
length of an antenna. 

An antenna can be considered to be a resonant circuit. Taking a 
half-wave (dipole) antenna in free space as a basic example, it will be 
found that the antenna will resonate at a frequency whose wavelength . 
is equal to twice the physical length of the antenna. In free space the 
velocity of wave travel from one end of the antenna to the other and 
back is almost equal to the velocity of light (if wire is very thin) which 
is 300,000,000 meters per second. Thus in free space the physical length 
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of a half-wave antenna in meters may be calculated from the formula, 
300,000,000 
2 x (freq. in hertz)’ 
at a frequency determined by the length of time required for a wave 
to travel from one end of the antenna to the other (180°) and to return 
(360°). From the above, it must be realized that the resonant frequen- 
cy of any antenna is a direct function of the velocity of the wave along 
the antenna wire. In the practical case, the antenna is never completely 
isolated from the surrounding objects, and this causes the velocity of the 
wave along the antenna wire to decrease somewhat. Thus the physical 
length of the antenna must be shortened if it is still to resonate at the 
same frequency as in free space. The exact amount of the reduction of 
length is difficult to state, but a rough approximation of 594 may be 
used as a starting point. The approximate physical length of a half-wave 


468 
antenna in feet may then be found from the formula / = 7 (MHz) 


This is so because the antenna will resonate 


f= 


(ec) The physical positioning of an antenna with respect to the 
earth determines the polarization of the emitted wave. An antenna 
which is positioned vertically with respect to the earth radiates a 
wave which is vertically polarized, while a horizontal antenna radiates 
a horizontally polarized wave. If the antennas are located close to the 
ground, vertically polarized waves will provide a stronger signal close 
to the earth than will horizontally polarized waves. If the transmitting 
and receiving antennas are more than one wavelength above the earth, 
there will be little difference in signal strength caused by the two types 
of polarization. If the transmitting antenna is located at least several 
wavelengths above ground, horizontally polarized waves will result 
in the greatest signal strength close to the earth. 

(f) An important source of static produced on mobile antennas 
(ground or aircraft) -is the corona (electrical) discharge from such 
antennas. Static charges may build up on antennas, as well as on other 
conducting surfaces and tend to discharge when their potential is high 
enough for the existing conditions. Discharges tend to occur from 
pointed or small dimensional surfaces because the voltage stress 1s great- 
est at such points. To reduce corona effects, pointed items may be balled 
or capped. In addition, the use of uninsulated and small diameter (or 


braided) wire should be avoided. 


Q. 3.203(A). The field intensity of a 1-kW transmitter mea- 
sured at a distance of 1 mile from the transmitter is 200 ,V/meter. 
The power at the transmitter was increased so that at four miles, 
the field intensity became three times as great as the original field 
intensity at one mile. What power increase was made at the trans- 
mitter? 


A. The power was increased to 144 kW. 
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D. As stated in Q. 3.203, the field intensity (or field strength) 
varies inversely with the distance from the transmitting antenna. Thus, 
if the distance were doubled, the field intensity would be halved and 
if the distance were quadrupled, the field strength would be cut to 14. 

Starting with the original field strength of 200 »V/meter at one mile, 
if the distance were increased to four miles, the field intensity would 
then be 4 of 200, or 50 ,V/meter. 

With the increased transmitter power, the field intensity has been in- 
creased to three times the original value, or 3 X 200 == 600 pV /meter 
(at four miles). 

The ratio of the increased value of field intensity at 4 miles to the 
600 nV /meter 

50 «V /meter 
that this is a voltage ratio increase (not a power ratio increase). 

This means that the antenna voltage (or current) at the transmitting 
antenna has increased by 12 times. Since the transmitter power is 
proportional to the square of the voltage (or current), the ratio of the 
transmitter power increase is 12? = 144 times. 

The original power of the transmitter was 1 kW and the new 
power is therefore 144 K 1 kW = 144 kW. 

Note: The above question does not appear in the current FCC Study 
Guide, but has been added to enhance the student’s ability to solve 
problems of this type as they may appear on FCC License Examinations. 


original field intensity at one mile is = 12:1. Remember 


Q. 3.204. What would constitute the ground plane if a quarter-wave 
grounded(whip) antenna, 1 meter in length, were mounted on the metal 
roof of an automobile; mounted near the rear bumper of an automobile? 


A. (a) If this antenna were mounted on the metal roof, the roof 
would act as the ground plane since the length of the roof is an appre- 
ciable part of a wavelength (4 meters). 

(b) If the antenna were mounted on or near the rear bumper, the 
bumper would act partially as the ground plane. Capacitive coupling to 
the earth would enable the earth to also act as part of the ground plane. 
The effectiveness of the bumper alone would depend largely upon its 
being an appreciable portion of a wavelength, at the frequency involved. 


D. See Q. 3.193(c), Q. 3.194 and Q. 3.209. 


Q. 3.205. Explain why a “loading coil” is sometimes associated with 
an antenna. Would absence of the coil mean a capacitive antenna im- 
pedance? 


A. (a) A “loading coil” is required to operate an antenna at a lower 
frequency than its actual length would normally permit. 
(b) Absence of a “loading coil” would mean that the antenna input 
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would look like a capacitive reactance and depending on the magnitude 
of the reactance it might not be possible to feed power into the antenna. 


D. As stated in Q. 3.203, D.(d), the resonant frequency is dependent 
upon the velocity of the wave along the antenna. Thus any factors tend- 
ing to reduce the velocity along a given length of wire will cause the 
antenna to resonate at a Jower frequency. The addition of series induc- 
tance will produce this effect and thus reduce the resonant antenna 
frequency. Any factors tending to increase the velocity along a given 
length of wire will cause the antenna to resonate at a higher frequency. 
The addition of series capacitance will produce this effect and screase 
the resonant frequency of the antenna. 

The following method, while possibly not strictly accurate, will pro- 
vide a means of remembering the above facts. Consider the resonant 

1 
2aV LC 

Now if inductance is added in series with the antenna (and its in- 
ductance) the effect is to émcrease the total antenna inductance. If L 
increases in the formula, the frequency decreases. If capacttance is added 
in sertes with the antenna (and its capacitance), the total antenna ca- 
pacitance is decreased. If C decreases in the formula, the frequency m- 
creases. (See also Q. 3.203(c) and (d) and Q. 3.209.) 


frequency of an antenna as expressed by the formula, f = 


Q. 3.206. What radio frequencies are useful for long distance com- 
munications requiring continuous operation? 


A. The most reliable frequencies for long distance radio commu- 
nication are in the order of 15 to 30 kHz. Communication at these low 
frequencies is usually accomplished by means of ground waves. This 
requires the generation of extremely high power outputs for reliable and 
continuous operation. | 


D. These frequencies are usually produced by high speed mechani- 
cal generators. These generators are capable of producing very large 
output powers. Such very low frequencies are not used much at pres- 
ent, because of the size of antenna required to radiate a significant 
amount of power. Another reliable communications system operates on 
VHF or UHF frequencies. This makes use of radio-relay stations oper- 
ating at very high power levels. The radiation takes place by means of 
“scatter” propagation through the “troposphere.” The “troposphere” is 
that layer of the atmosphere close to the earth and extending perhaps 
two miles above it. Wave bending in the troposphere occurs increasingly 
for frequencies above 50 MHz and occurs when masses of air exist in 
layers having differing dielectric constants. This may be caused by layers 
having sharply different water-vapor contents or abnormal temperature 
vs. altitude variations. Since the radiated waves must strike the boundaries 
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between the layers at low (grazing) angles, the transmitting antenna is 
designed for maximum horizontal radiation. 


Q. 3.207. What type of modulation is largely contained in “static” 
and “lightning” radio waves? 


A. “Static” and “lightning” radio waves are mostly amplitude mod- 
ulated. 


D. While some frequency modulation is also present in static and 
lightning radio waves, the majority of the modulation components are 
amplitude modulated. Most of these waves are also vertically polarized. 
Polarization of a radio wave is determined by the direction of the elec- 
trostatic field. Antennas which are horizontally polarized reject to some 
extent interference caused by static and lightning radio waves. 


Q. 3.208. Will the velocity of signal propagation difter in different 
materials? What effect, if any, would this have on wavelength or fre- 
quency? 


A. (a) The velocity of propagation of radio waves differs according 
to the type of medium involved. It is always less than the speed of light 
(300,000,000 meters per second) by a factor “K” which is determined 
by the type of transmission material (see discussion). 

(b) Assuming the wave has been generated externally to the material 
through which it is being transmitted; the type of material has no effect 
on its frequency. However, considering a constant frequency and mate- 
rials exhibiting a lesser propagation velocity than free space, the meas- 
ured wavelength along the material will be shorter than in free space. 


D. (a) The factor “K” mentioned above, expresses the ratio of the 
actual velocity of a wave through a given medium, to the velocity of 
light. For example the following values of K express the ratio of the 
actual velocity of the energy on the line to the velocity of light. 


Line K 
Paralleliline: 20.04.44 0.975 
Parallel tubing ............... 0.95 
Concentric line ................ 0.85 
Twisted patty. soc 0.56 to 0.65 


(b) It was stated above that the measured wavelength along the ma- 
terial will be shorter than in free space. This is equivalent to the char- 
acteristics of “physical” and “electrical” lengths of antennas, wherein 
the physical length is shorter than the equivalent electrical free-space 
wavelength. This occurs because the transmission of energy along the 
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Fig. 3.209. Illustrating series-feed of a quarter-wave vertical 
antenna. The series LC network provides a means of im- 
pedance matching. 


antenna conductor is slower than the transmission of energy through 
free space (or through the atmosphere). See also Q. 3.203(c) and (d). 


Q. 3.209. Discuss series and shunt feeding of quarter-wave antennas 
with respect to impedance matching. 


A. Although not specifically stated, the question refers to vertical, 
quarter-wave antennas, ungrounded for series feed and grounded for 
shunt feed. For diagram of a series-fed antenna, see Fig. 3.209. For a 
diagram of a shunt-fed antenna, see Fig. 3.127. 

(a) In the series fed case, the bottom of the quarter-wave antenna 
must be insulated from ground. The impedance at the base (to ground) 
of the antenna is about 38 ohms. If maximum efficiency is not required, 
the antenna can be fed directly with a 50-ohm coaxial cable. The outer 
conductor is grounded (to the ground radials) and the center conductor 
connects to the insulated base of the antenna. For greater efficiency and 
lines of greater impedances, a tunable series LC network is connected 
between the base of the antenna and ground. The input power is induc- 
tively coupled to the series coil, which is resonated with the series ca- 
pacitor to the operating frequency. This provides an excellent impedance 
match to the antenna, since maximum series antenna current will then 
be present. | 
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(b) By the use of a shunt-feed system, it is possible to ground the base 
of the antenna, resulting in a savings of construction costs. In this sys- 
tem, the transmission line is terminated at a specified distance from the 
base of the antenna. A wire from the center conductor of the coaxial- 
transmission line is then stretched upward at an angle of approximately 
45 degrees to a predetermined point on the antenna. The outer con- 
ductor of the line is grounded at its end to the ground radial system. 
A voltage is induced into the antenna by a magnetic field set up by a 
loop, consisting of the slant-wire, the lower portion of the antenna and 
the ground return from the base of the antenna, to the outer conductor 
of the coaxial line. A correct impedance match is obtained by varying 
the height at which the slant wire is connected to the antenna. For the 
common 70-ohm coaxial line, this connecting point will be approximately 
one-fifth of the total tower height. 


D. See Q. 3.193(c) and Q. 3.198. 


Q. 3.210. Discuss the directivity and physical characteristics of the 
following types of antennas: 

(a) Single loop 

(b) V-beam 

(c) Corner-reflector 

(d) Parasitic array 

(e) Stacked array 


A. (a) Single loop (Fig. 3.210(a)): The usual type of loop antenna 
consists of several turns of wire enclosed in an electrostatic shield. The 
shape of the loop is generally circular. The loop may be considered to 
be an inductance coil having a large ratio of diameter to length. This 
inductance is frequently resonated by a variable capacitor to form the 
tuned-input circuit of the loop receiver. The directional characteristics 
are described in Q. 3.199(b). 

(b) V-beam (Fig. 3.210(b)): Consists of two heavy wires in the 


LOOP —-TUNING 
CAPACITOR 


TO RECEIVER 
INPUT CIRCUIT 


Fig. 3.210(a). Illustration of a vertical-loop antenna. 
Minimum pickup is perpendicular to the page. 
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Fig. 3.210(b). A one-wavelength "V” antenna with 
quarter-wave impedance-matching section. 


form of a horizontal “V.” (This is one form of a so-called, “longwire” 
antenna.) When each leg of the ““V” is made one wavelength long, the 
angle between the wires should be about 75 degrees. The directivity of 
the “V” antenna is along a line bisecting the “V” (bi-directional). How- 
ever, the ends of the wires can be terminated resistively and the antenna 
becomes unidirectional in the direction of the open “V.” Terminated 
“VY” antennas have a wide bandwidth and gains in the order of 10 to 
15 dB. The angle of radiation is largely in the horizontal direction and 
the pattern may be quite sharp (highly directive) if wires several wave- 
lengths long are employed. 

(c) Corner reflector (Fig. 3.210(c)): This antenna consists of the re- 
flector and a half-wave dipole antenna. The reflector is made of two flat 
conducting sheets which are joined (for highest gain) at an angle of 
about 45 degrees. The reflector is mounted like an open book held ver- 
tically. The dipole is mounted vertically, a half wavelength from the 
joined sheets, along a line bisecting the 45 degree angle, inside of the 
“V” formed by the two sheets. This antenna has greater gain than the 
parabolic reflector type and is easier to construct. Maximum directivity 1s 
along the bisector of the corner angle and is mainly confined to the hori- 
zontal plane. This antenna is unidirectional. 

(d) Parasitic array (Fig. 3.210(d)): The simplest consists of a half- 
wave horizontal driven dipole and a reflector. The reflector is a rod (or 
tubing) about 5 percent longer than the dipole and mounted about 
one-quartet wavelength behind it on the same horizontal plane. How- 
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Fig. 3.210(c). Corner reflector excited by a single dipole. 
(The entire assembly may also be mounted horizontally to 
provide horizontal polarization. ) 


ever, the reflector has no direct electrical connection to the antenna and 
receives its energy entirely by induction. The practical length of the re- 
flector may be determined by the formula 


492 
| Bikes 7(MHz) feet 
The length of a dipole may be determined by the formula 
468 
L= (MHz) feet 


Addition of a reflector has the following effects on the normally bi-di- 
rectional directivity of a simple dipole: 


Fig. 3.210(d). Simple parasitic array consisting of a 
dipole and a reflector. 
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Fig. 3.210(e). Simple stacked array employing dipoles and 


reflectors. 


1. The array becomes basically unidirectional (in the direction oppo- 
site to the reflector). 

2. The gain of the antenna is increased. 

3. The unidirectional pattern is sharper than for the simple dipole. 

4. The bandpass is reduced. 

5. The dipole input impedance is reduced. The radiation of either the 
simple dipole or the parasitic array is mainly in the horizontal plane. 

(e) Stacked array (Fig. 3.210(e)): May be formed by mounting one 
driven dipole above another and is generally used with a reflector 
mounted behind each dipole. (Much more elaborate stackings are possi- 
ble with numerous vertically stacked dipoles and reflectors. These are 
also frequently expanded in a broadside manner.) Stacking has the fol- 
lowing effects compared to a single driven dipole: 

1. Sharper directivity in the vertical plane. 

2. Increase in gain of about 1.5 to 1. 

3. Discrimination against rearward reception of about 3 to 1. 

4. An increase in the dipole driving impedance. 

5. Improved bandpass, compared to the single parasitic array. For a 
single-frequency band antenna, the vertical stacking of the elements will 
be about one-half wavelength. This is basically a unidirectional antenna. 


Q. 3.211. Draw a sketch of a coaxial (whip) antenna; identify the 
positions and discuss the purposes of the following components: 

(a) Whip 

(b) Insulator 

(c) Skirt 

(d) Trap 

(e) Support mast 

(£) Coaxial line 

(g) Input connector 
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Fig. 3.211. Coaxial (whip) antenna showing all component parts. 


(a) Whip: The top half (quarter-wavelength) of the radiating ele- 
ments. (The other half of the radiating elements is the skirt, described 
below.) The whip is an electrical extension of the inner conductor of 
the coaxial-transmission line. 

(b) Insulator: Required to insulate the center-conductor whip from 
the conducting skirt. | 
(c) Skirt: A metal cylinder mounted just below the insulator, and 
which is a quarter-wavelength long. This element, plus the whip com- 

pletes the half-wave dipole radiator. 

(d) Trap: A portion of the skirt forming a shorted quarter-wave 
transmission line section as shown in the illustration. The open end 
of the quarter-wave section represents a very high impedance at the 
operating frequency. This effectively insulates the bottom of the skirt 
from the outer conductor of the coaxial line (going through its center) 
permitting the skirt to act as a radiating element. The skirt receives its 
excitation energy at the center-feed point of the coaxial-line outer con- 
ductor, which is at the extreme top of the skirt. 

(e) Support Mast: The mast supports the antenna structure. When 
a rigid coaxial line is employed, this item may be used as the support 
mast. However, for greater mechanical strength, the support mast may 
be a thick metal tubing or pipe, insulated from the skirt, surrounding 
either a rigid or flexible coax line. If a flexible coax line is used to feed 
the antenna, it may be supported at the skirt, using an insulated mount- 
ing support. 
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(f) Coaxial Line: A transmission line which guides the r-f energy 
from the transmitter to the coaxial-whip antenna. This is a shielded 
unbalanced transmission line (see discussion). 

(g) Input Connector: A coaxial-type connector for connecting the 
coaxial line (from the transmitter) to the coaxial-whip antenna. 


D. A 72 ohm coaxial line is commonly used to feed the coaxial-whip 
antenna. The skirt is connected to the outer conductor of the coaxial line 
at its extreme upper portion, while the inner conductor continues for an 
additional one-quarter wavelength (electrical). Thus, effectively, the co- 
axial transmission line is “terminated” at the junction of the skirt and 
the quarter-wave, center-conductor radiator. The line feeds an actual 
half-wave antenna at its center point (72 ohms) and thus the impedance 
of the line is matched and there are practically no standing waves on the 
line. This helps to keep the radiation angles low, raising the efficiency 
of the antenna. 


Q. 3.212. Why are insulators sometimes placed in antenna guy wires? 


A. Insulators are placed in guy wires in order to reduce the ef- 
ficiency of the guy wires in acting as unwanted radiators and reflectors 
of radio-frequency energy, and to reduce r-f losses in these wires. 


D. The guy wires should be broken up into lengths of such dimen- 
sions that they will not resonate at the fundamental or harmonics 
thereof of the transmitted frequency. It is considered common practice 
to insert an insulator near the top of each guy wire, and then cut each 
section of wire between the insulators so as to be non-resonant. The 
insulators should preferably be of the so called “egg” type which 
operate under compression, so that the guy wire will not separate even 
if an insulator breaks. 


TRANSMISSION LINES 


Q. 3.213. What is meant by the characteristic (surge) impedance 
of a transmission line; to what physical characteristics is it proportional? 


A. (a) The characteristic (surge) impedance of a transmission line 
is the input impedance of a theoretically infinitely long line. In addition, 
if an impedance equal to this value is used to terminate a line of any 
given finite length, the same value of impedance appears at the input 
terminals of the line. The characteristic impedance also, is equal to the 
ratio of the voltage to the current along an infinite line, or a line ter- 
minated in its own characteristic impedance. This type of termination 
makes any line look like an infinitely long line. 
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(b) The surge impedance (or characteristic impedance) of any 2-wire 
transmission line is dependent upon three factors. These are: (1) the 
diameter of the conductors, (2) the spacing between the conductors, 
(3) the dielectric constant of the insulating material. 


D. For a two wire. parallel transmission line with air dielectric the 
characteristic impedance is given by the formula: 


Z = 276 log? 


where Z = characteristic impedance in ohms. 
b = spacing between conductors (center to center) in inches. 
a = radius of one conductor in inches. 


It may be seen from the above that the wider the spacing and the 
smaller the diameter of the conductors, the greater will be the charac- 
teristic impedance. However, an increase of dielectric constant above that 
of air will reduce the characteristic impedance. In this case the value 
obtained above is multiplied by a factor 1 over the square root of K, 
where, K is equal to the dielectric constant. For example, for polyethelene 
dielectric, the value of characteristic impedance in free air must be mul- 
tiplied by the factor 0.675. 

For a coaxial line with air dielectric, the impedance is given by the 
formula: 


Z = 138 log s 


where Z = characteristic impedance in ohms. 
b = inner diameter of the outer conductor in inches. 
a = outer diameter of the inner conductor in inches. 


If polyethelyne is used as the dielectric, multiply the characteristic 
impedance by 0.675. 
A generalized formula frequently used to describe the characteristic 
impedance, is: 
L 
Z= = 
CG 
where L = Inductance per unit length. 
C = Capacitance per unit length. 


The values of characteristic impedance may vary between 25 and 600 
ohms, depending upon the type of line. Coaxial lines are generally in the 
range from 25 to 90 ohms. Parallel lines may vary from 100 to 600 ohms. 


Q. 3.214. Why is the impedance of a transmission line an important 
factor with respect to matching “out of a transmitter” into an antenna? 
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A. For maximum power transfer from the transmitter to the trans- 
mission line, the input impedance of the transmission line must match 
the output impedance of the transmitter. Also, for maximum power 
transfer from the transmission line to the antenna, the transmission line 
impedance must match the input antenna impedance. This principle is 
no different than impedance matching for maximum power transfer in 
other types of circuits (i.e., audio power output circuits). 


D. See Q. 4.55 and Q. 4.56 for methods of impedance matching to 


a standard broadcast antenna and discussions relating thereto. 


Q. 3.215. What is meant by “standing waves”; “standing-wave ratio 
(SWR),” and “characteristic impedance” as referred to transmission 
lines? How can standing waves be minimized? 


A. (a) “Standing” waves are apparent stationary waves of voltage 
or current appearing on a transmission line (or antenna). They are sta- 
tionary from the point of view that their maxima and minima always oc- 
cur at the same physical points along the line (or antenna). Standing 
waves are created when a line is not terminated in its characteristic im- 
pedance. In this event, the incident waves from the generator are reflected 
to some degree at the end of the line. The reflected waves combine con- 
tinuously with the incident waves causing standing waves to be formed 
along the line. 

(b) “Standing-wave ratio” (SWR) is the ratio of maximum current 
(or voltage) along a line to the minimum current (or voltage) along 
the line. The ratio is commonly expressed as a number larger than one. 

(c) For characteristic impedance, see Q. 3.213 above. 

(d) Standing waves along a line can be minimized by terminating the 
line in an impedance equal to the characteristic impedance of the line. 
If this impedance is a pure resistance, there will be no standing waves 
and the line will be flat, or will appear to be infinitely long. 


D. See Q. 3.213 and Q. 3.216. 


Q. 3.216. If standing waves are desirable on a transmitting antenna, 
why are they undesirable on a transmission line? 


A. Standing waves are generally undesirable on a transmission line 
because of the following: 

(a) Their presence indicates a mismatch at the antenna and, thus, a 
loss of power being fed to the antenna. 

(b) In the case of open-type lines, radiation will occur from the line, 
modifying the antenna pattern. 

(c) A high standing-wave ratio on a transmission line may cause over- 
heating, or arcing on the line, or in its associated circuits and traps. 
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(d) The higher the standing-wave ratio, the greater will be the losses 
on the transmission line. | 


D. A simple straightforward answer to this question is not possible. 
It is true that for many antenna designs, a high standing-wave ratio is 
necessary and desirable. These are antennas of the “resonant” type, such 
as quarter-wave, half-wave, or similar antennas. On the other hand there 
is a class of “long-wire” antennas which may be resistively terminated 
to have no standing waves. Examples of these are the straight-long wire, 
the “V” antenna and the rhombic antenna. 

On the other hand, where space is at a premium (for example, on 
shipboard), particularly at low frequencies, the “lead-in” to the antenna 
may be made a resonant portion of the antenna proper. Then again, 
some high frequency transmission lines are deliberately operated as 
“tuned” or “resonant” lines and normally require the presence of stand- 
ing waves for proper operation and impedance matching. In addition, 
some antennas are operated on several widely varying frequencies (fre- 
quently harmonically related), causing the antenna input impedance to 
vary greatly. In such cases, the line is usually “tuned” (resonant) to 
match the antenna input impedance and standing waves necessarily exist 
on the line. 


Q. 3.217. What is meant by “stub-tuning”? 


A. “Stub-tuning,” (or “stub-matching) refers to the use of short 
(tuned) lengths of transmission line, which are connected to the main 
transmission line near the antenna. Such stubs are used to reduce or 
eliminate standing waves on the main transmission line. See Figure 
3.217 for illustrations of stub tuning for parallel and coaxial lines. 


D. If a long transmission line is used to feed an antenna, it is not 
always feasible to match the transmission line properly to the antenna. 
However, to reduce line losses, it is desirable to reduce standing waves 
by matching the load to the line. At some fraction of a wavelength (less 
than a quarter wavelength) from the antenna, the line appears as a 
reactance of a definite value. If a stub (shorter than one-quarter wave- 
length) is attached to the main line at the chosen point, it will have an 
equal and opposite reactance to that on the main line. Thus, the effec- 
tive line reactance at the attachment point is cancelled, and the main line 
sees only a resistance equal to the characteristic-line impedance. Thus, 
the line is matched and minimum standing waves result. 


Q. 3.218. What would be the considerations in choosing a solid-di- 
electric cable over a hollow pressurized cable for use as a transmission 
line? 
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Fig. 3.217. Illustrations of “stub” tuning. Parts (a) and 

(b) show “stub” tuning of parallel lines. Parts (c) and (a) 

show “stub” tuning for coaxial lines. Z, is the characteristic 

impedance of the line. Zp represents the antenna input im- 
pedance. 


A. The question appears to be worded in reverse since the perform- 
ance of the pressurized cable is superior. However, considerations for 
choosing a solid-dielectric cable (coaxial) would include the following: 

(a) Less expensive. 

(b) Easier to install, since it is more flexible. 


300 Radio Operator’s License Q and A 


(c) Tolerance to the higher losses. 
(d). Does not require special plumbing-type connections. 


D. Certain types of coaxial cables are evacuated then filled with an 
inert gas under pressure and sealed. The reason for this is to prevent 
moisture from accumulating within the cable. Such moisture would 
reduce the normal voltage breakdown rating as well as cause increased 
losses within the cable. Another method sometimes used, is to contin- 
uously pump dry air under pressure through the concentric cable. 


FREQUENCY MEASUREMENTS 


Q. 3.219. Draw a simplified circuit diagram of a grid-dip meter; ex- 
plain its operation and some possible applications. 


A. (a) For the circuit diagram, see Fig. 3.219. 


PLUG-IN 
COIL 


RFC 


Fig, 3.219. Simplified diagram of a grid-dip meter. 


(b) The grid-dip meter is basically an oscillator (Hartley in this case) 
with a coil conveniently mounted so it can be easily coupled to the cir- 
cuit under test. A set of plug-in coils are provided to cover a wide band 
of frequencies. Its operation is quite simple. When it is desired to meas- 
ure the resonant frequency of a non-operating tank circuit, the probe coil 
is coupled loosely to the tank coil and the capacitor is varied until the 
meter dips to its lowest point. The frequency is then read directly from 
the grid-dip meter tuning dial. The meter dips because the tank circuit 
absorbs energy from the oscillator at the resonant frequency. This re- 
duces the amplitude of oscillations and the oscillator grid current de- 
creases causing a dip on the meter. 

The circuit of Fig. 3.219 could easily be changed to a transistorized 
circuit by substituting an FET transistor (see Fig. 3.86(g3) and ac- 
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companying text) for the vacuum tube triode. The operation of the 
grid-dip meter remains the same. | 

(c) Some possible applications are: 

(1) To measure resonant frequency of a tuned circuit. 

(2) To find undesired resonances in receiver or transmitter circuits. 

(3) Use as a signal generator to align receivers. 

(4) Can be used to measure r—f inductances and capacitances in con- 
junction with a standard capacitance or standard inductance. 


D. See also Q. 3.220 and Q. 3.222. 


Q. 3.220. Draw a simplified circuit diagram of an absorption wave- 
meter (with galvanometer indicator); explain its operation and some 
possible applications. 


A. (a) For schematic see Fig. 3.220. The wavemeter consists of a 
calibrated-tuned circuit (L, Cl) and a simple vacuum-tube voltmeter cir- 
cuit (D1, C2 and meter). In operation, the pickup coil (L) is loosely 
coupled to the source of r-f energy and capacitor Cl tuned to provide 
maximum indication (resonance) on the meter. At this point, the cali- 
brated capacitor is read in terms of the frequency of the unknown source. 
This may be by direct reading or taken from a calibration chart. 


CALIBRATED 
CAPACITOR ol 


Fig. 3.220. Absorption-type wavemeter. D1 and C2 provide 
dc for the galvonometer. 


(b) Some applications are: 

(1) To measure the frequency of a self-excited oscillator. 

(2) To find parasitic oscillations in transmitters. 

(3) To determine the frequency of operation of r-f amplifiers and/or 
frequency multipliers. 

(4) To function as a general purpose r-f indicator for tuning and 
neutralizing a transmitter. 


D. In general a wavemeter is a resonant circuit which is tuned by 
a variable capacitor. A calibrated dial is provided on which 1s in- 
dicated the resonant frequency of the wave meter in terms of capaci- 
tor settings. A suitable r-f indicator is connected in series or parallel 
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with the wavemeter tuned circuit to indicate resonance. When a series 
connected indicator is used, the indicator may be a sensitive flashlight 
bulb or thermocouple meter. A better (but more complex) arrangement 
is the use of a diode-type vacuum-tube voltmeter connected across a 
portion of the tuned circuit, or a solid-state crystal detector. 
The advantage of this type of indicator is that it consumes very little 
power and thus permits a higher value of Q to be developed in the 
wavemeter circuit. This is important because the accuracy with which 
readings can be made depends upon the Q. 

A disadvantage of absorption type wavemeters in general is the 
reflected impedance they cause to appear in the measured circuit, 
which changes the tuning of the measured circuit and reduces the ac- 
curacy of readings. , 

The pickup coil of the absorption type frequency meter should be 
coupled as loosely as possible to the circuit under measurement in order 
to reduce errors in the readings. (See also Q. 3.79(b), Q. 3.83, Q. 3.91, 
Q. 3.92 and Q. 3.126 through Q. 3.128.) 


Q. 3.221. Draw a block diagram, showing only those stages which 
would illustrate the principle of operation of a secondary frequency stand- 
ard. Explain the functions of each stage. 


A. For the block diagram, see Figure 3.221. The multivibrator (10 
kHz) is the basic oscillator and is accurately synchronized by the 100 


OSCILLATOR VIBRATOR FIER FREQUENCY 
100 kHz 10 kHz cmbcdes OUTPUT 
Fig. 3.221. Simplified block diagram of a secondary-frequency 
Standard. 


kHz crystal oscillator. The harmonic amplifier may have switchable tuned 
circuits to amplify the higher harmonic frequencies which normally de- 
crease rapidly in amplitude. Harmonics of both 100 kHz and 10 kHz 
are provided, with the 100 kHz harmonics exceeding 30 megahertz in 
frequency. 


D. To determine the operating frequency of a transmitter, the sec- 
ondary-frequency standard should first be accurately calibrated as ex- 
plained below. 

The usual type of secondary-frequency standard will employ an accu- 
rately calibrated 100-kHz crystal oscillator with a multivibrator providing 
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harmonics of 10 kHz. Thus, harmonics of 100 kHz and 10 kHz are pro- 
vided, the 100-kHz harmonics being useful beyond 30 MHz and the 
10-kHz harmonics being useful beyond 3 MHz. 

1. Operate the transmitter and all test equipment for about 15 minutes 
to insure stability. 

2. Measure the fundamental frequency of the transmitter by means 
of the frequency meter, obtaining an accurate zero-beat. 

3. Turn off the transmitter and introduce the signals from the sec- 
ondary-frequency standard into the heterodyne-frequency meter. 

4. From the heterodyne-frequency meter chart and its dial setting, 
determine the approximate transmitter frequency, and from this deter- 
mine the harmonic of the 100-kHz oscillator from the secondary stan- 
dard. (The calibration of the heterodyne-frequency meter may be checked 
by zero-beating it against the 100-kHz harmonics and observing the dial 
calibration. ) 

5. Using the harmonics of the 10-kHz oscillator, an audible beat will 
be present between the frequency of the heterodyne-frequency meter and 
that of the secondary-frequency standard. This will indicate the exact fre- 
quency within a few cycles by providing a figure from zero to 5000 
hertz, to be used as the final digits of the reading provided by the 
heterodyne-frequency meter. 

6. The exact value of the audible-beat frequency obtained in (5) above 
can be determined by matching this audio-frequency against that of a 
well-calibrated audio (or interpolation) oscillator, either by the zero-beat 
method or using an oscilloscope. 

7. To check if the unknown frequency is greater or less than the 
10-kHz frequency being used for measurement, increase the frequency 
of the heterodyne-frequency meter slightly. If the audio-beat frequency 
increases, the unknown frequency is greater than the 10-kHz harmonic 
involved. If the audio-beat frequency decreases, the unknown frequency 
is less than the 10-kHz harmonic involved. 

8. In the case of frequencies above about 3 MHz, harmonics of the 
10-kHz multivibrator may be too weak to be useful. In this case, set the 
heterodyne-frequency meter to provide a suitable harmonic to beat with 
the transmitter frequency. Measure the frequency of the heterodyne-fre- 
quency meter, as described above and multiply the result by the appro- 
priate harmonic. 

A step-by-step explanation of how a secondary-frequency standard 
could be calibrated against a WWYV signal is given below: 

1. Using the operating frequencies of 2.5, 5, 10, 15, 20, 25, 30, and 
35 MHz, select that which provides a good readable signal and tune it 
in accurately on the receiver. (The receiver should be warmed up for 
about 15 minutes to insure stability.) 
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2. Turn on the secondary-frequency standard (usually a 100-kHz crys- 
tal oscillator with a 10-kHz multivibrator) and allow about a 15-minute 
warm-up period to insure stability. 

3. Wait for the transmission period during which modulation is ab- 
sent. (Receiver BFO should be off.) 

4. Adjust the calibration control of the secondary-frequency standard 
until its harmonic is in exact zero-beat with the WWV frequency (as 
heard on the receiver). 

5. The secondary-frequency standard is now calibrated. 


Q. 3.222. Draw a block diagram of a heterodyne-frequency meter, 
which would include the following stages: 

Crystal Oscillator 

Crystal Oscillator Harmonic Amplifier 

Variable Frequency Oscillator 

Mixer 

Detector and AF Amplifier 

AF Modulator 

Show RF input and RF, AF, and calibration outputs. Assume a band- 
switching arrangement and a dial having arbitrary units, employing a 
vernier scale. 

(a) Describe the operation of the meter. 

(b) Describe, step-by-step, how the crystal could be checked against 
WWY, using a suitable receiver. 

(c) Under what conditions would the AF modulator be used? 

(d) Describe, step-by-step, how the unknown frequency of a transmit- 
ter could be determined by use of headphones; by use of a suitable re- 
ceiver. 

(e) What is meant by calibration check-points; when should they be 
used? 

(f) If in measuring a frequency, the tuning dial should show an in- 
dication between two dial-frequency relationships in the calibration book, 
how could the frequency value be determined? 

(g) How could this meter be used as an RF generator? 

(h) Under what conditions would it be necessary to re-calibrate the 
crystal oscillator? 


A. For the block diagram, see Fig. 3.222. 

(a) The unknown signal is fed to the mixer via the RF input where 
it is combined with a signal from the variable frequency oscillator. Due 
to the action in the mixer, the output not only contains the two original 
frequencies, but the sum and difference frequencies as well. This com- 
bination of frequencies, then, is fed to the detector whose output con- 
tains a signal equal to the difference of the two original frequencies— 
the original frequencies and their sum being bypassed. If the two original 
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' Fig, 3.222. Block diagram of a heterodyne-frequency meter. 


signals are close enough in frequency, the difference frequency will be 
in the audio range and may be heard in the output of the 4F amplifier 
by means of a suitable speaker or headphones. If the variable frequency 
oscillator is adjusted to make the difference frequency or beat become 
lower and lower in pitch until it disappears, the difference in frequencies 
is zero and the signal from the variable frequency oscillator has the same 
frequency as the unknown frequency. If the variable frequency oscillator 
has an accurately calibrated dial, the unknown frequency will now be 
known by reading the dial. The process of making the difference between 
the two frequencies zero is known as zero beating. 


In order to be certain of the calibration of the variable frequency oscil- 
lator dial, facilities have been incorporated into the meter to provide sig- 
nals of accurately known frequency to the mixer. In the meter shown in 
the block diagram, a 1.0-MHz crystal oscillator with exceptionally good 
stability is used as a frequency standard. Means are provided to adjust 
the frequency of this oscillator to.exactly 1.0 MHz when required. 

The output of the crystal oscillator is delivered to a harmonic generator 


for the purpose of obtaining harmonics of the 1.0-MHz standard fre- 
quency that are of sufficient amplitude for use in the frequency range of 
the meter. If the meter is intended for use as high as 300 MHz, the 300th 
harmonic must be strong enough to be heard in the AF output when beat 
with the variable frequency oscillator. By this method, the calibration of 
the variable frequency oscillator dial can be checked. If the calibration 
is faulty, means are provided for adjusting the dial, mechanically or elec- 
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trically, so that the calibration is correct at the 1.0 MHz harmonic check 
points. 

It is often desirable to have the output of the variable frequency oscil- 
lator modulated with an audio frequency to assist in making accurate 
measurements. For this purpose, a 400-hertz oscillator and AF modulator 
are provided. When such modulation is desired, the modulation switch 
is closed. 

As shown on the diagram, an RF output terminal is shown. This out- 
put is useful for such purposes as receiver alignment, etc. 

(b) If a suitable HF receiver is available, the meter can be calibrated 
against WWV by coupling the calibration output of the meter to the 
antenna input of the receiver and tuning the receiver to WWV on 5, 10, 
15, 20, 25, or 30 MHz. The frequency choice depends on the location of 
the receiving site, time of day, etc. With the receiver in the AM or phone 
mode, the calibrate switch of the meter is closed. If the crystal oscillator 
is not on frequency, a beat note will be heard which will be the differ- 
ence between WWV and the Sth, 10th, 15th, 20th, 25th or 30th harmonic 
of, the crystal oscillator. Which harmonic is heard will depend on which 
WWYV frequency is being received. 

By adjusting the trimmer provided on the crystal oscillator its fre- 
quency can be varied until zero beat is obtained with WWV. The crys- 
tal oscillator now is within approximately plus or minus 20 hertz of be- 
ing correct at that harmonic. For better accuracy, it is well to adjust the 
crystal oscillator when the WWV signal is being modulated by its 440- 
hertz tone. Any frequency difference will be evidenced by an apparent 
waxing and waning of WWV’s modulation, exact zero beat being ob- 
tained when the modulation remains steady in amplitude. 

(c) Since the human ear cannot hear frequencies below approximately 
twenty hertz, the method of zero-beating the unknown signal against 
the output of the variable frequency oscillator produces results that are 
correct only to within approximately plus or minus twenty hertz. By 
modulating the variable frequency oscillator greater accuracy can be ob- 
tained. When the difference in the two frequencies is below audibility, 
the modulation of the variable frequency oscillator will grow stronger 
and weaker at a rate equal to the difference frequency. By observing this 
and adjusting the variable frequency oscillator so that the modulation is 
maintained at a constant amplitude, exact equality of the known and 
unknown signals can be obtained. The final accuracy of the measure- 
ment is limited only by the accuracy of a frequency standard and the 
calibration of the dial of the variable frequency oscillator. 

(d) The process of using the meter and headphones to determine the 
frequency of a transmitter has already been described in the operation 
of the meter in the first paragraph of (a) above. 
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The unknown frequency of a transmitter, especially a distant one, can 
also be measured by using the meter in conjunction with a suitable re- 
ceiver. This can be accomplished by first tuning in the transmitter on the 
receiver and then coupling the RF output of the meter to the antenna 
input of the receiver. Adjusting the variable frequency oscillator of the 
meter will produce a beat note in the output of the receiver between the 
distant transmitter and the variable frequency oscillator. Zero-beating 
the two signals will result in the variable frequency oscillator and the 
transmitter having the same frequency. The unknown frequency is read 
from the dial of the meter in the normal manner. 


(e) Calibration check points are points or dial settings at which the 
1.0-MHz harmonics of the frequency standard should be heard at zero 
beat. They are used to assure that the frequency dial of the variable fre- 
quency oscillator is correctly adjusted to agree with the dial setting and 
frequency chart supplied with the meter. 

For accurate and consistent results with the meter, these checkpoints 
should be used to check and adjust the calibration of the variable fre- 
quency oscillator every time a frequency is measured. ® 


(£) The calibration information usually supplied with a meter of this 
type is in the form of a chart where specific dial settings are listed for 
discrete frequencies; the frequency spacing normally being uniform (100 
hertz). It very often happens that the unknown frequency falls some- 
where in between two listed adjacent frequencies and it is desired to 
know the unknown frequency more accurately than to the nearest 100 
hertz. This may be determined by a process known as interpolation. 

Let us suppose that the unknown frequency is zero beat at a dial set- 
ting of 173.6. Referring to the calibration chart, it is found that the dial 
setting for a frequency of 13248.3 kHz is 173.1 and that for 13248.4 
kHz, the dial should read 174.2. It should be apparent that the unknown 
frequency is somewhere between 13248.3 and 13248.4 kHz. On the as- 
sumption the dial setting vs frequency is a linear function over this small . 
range, then the number of dial divisions per 100 hertz is 174.2—173.1 
or 1.1, The number of dial divisions between 13248.3 kHz and the un- 
known frequency is 173.6—173.1 or 0.5. The number of Aertz between 


these two points, then, is a < 100, or 45 hertz. This is added to the 


lower of the two listed frequencies so that the final frequency has been 
determined to be 13248.345 kHz. 


(g) The meter may be used as an RF generator for receiver align- 
ment, etc., by using the RF output terminal coupled to the receiver under 
test. The variable frequency oscillator is an accurate frequency source 
but may be checked for accuracy by using the normal calibration check 
facilities as previously described. 


308 Radio Operator’s License Q and A 


Either a pure continuous wave or an amplitude-modulated wave can 
be obtained by proper positioning of the modulation switch. 

(h) Normally the crystal oscillator’s frequency should be checked on 
a routine basis; the period being determined by observation of the crys- 
tal’s tendency to drift in frequency. 

However, should the meter be used under unusual conditions such as 
high or low supply voltage or unusual climatic conditions, the crystal 
frequency should be checked against WWV and reset if found necessary. 

Rough handling of the unit such as encountered in carrying it or ship- 
ping it dictates frequent crystal frequency checking. Any time the oscil- 
lator tube is replaced or any maintenance performed on the components 
of the oscillator circuit its frequency should be checked. It is good prac- 
tice, also, to check the frequency when batteries are replaced in battery- 
powered use. 


Q. 3.223. Draw a block diagram of an FM deviation (modulation) 
meter which includes the following stages: 

Mixer 

I-f amplifier 

Limiter 

Discriminator 

Peak reading voltmeter 

(a) Explain the operation of this instrument. 

(b) Draw a circuit diagram and explain how the discriminator would 
be sensitive to frequency changes rather than amplitude changes. 


A. For the block diagram, see Fig. 3.223(a). 


LF. 
AMPLIFIER 
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TRANSMITTER 
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OSCILLATOR 


PEAK 
VOLTMETER 
Fig. 3.223(a). Block diagram of an FM deviation meter. 


(a) Essentially, the FM deviation meter is a very simple FM receiver. 
Referring to the block diagram, a sample of the output of the FM trans- 
mitter and a signal from the local oscillator are combined in the mixer 
and the difference frequency is selected by a tuned circuit and passed to 
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the I-F amplifier. The I-F amplifier provides the required amplification 
and selectivity for the signal and feeds the limiter. The function of the 
limiter is to provide an output of constant amplitude regardless of the 
amplitude of its input. The output of the limiter is a signal of fixed am- 
plitude but varying in frequency according to the modulation of the 
original signal. The discriminator recovers the original A-F modulating 
signal from the modulated wave and delivers it to the peak reading 
voltmeter for measurement. 

Since the frequency deviation is defined as the maximum instantaneous 
excursion of the signal frequency from the carrier frequency it corre- 
sponds to the peak amplitude of the modulating frequency. The peak 
amplitude of the A-F output from the discriminator is proportional to 
the frequency deviation. A suitable voltmeter, responding only to the 
peak amplitude of the discriminator A-F output, can be calibrated di- 
rectly in terms of frequency deviation. 

(b) Figure 3.223(b) illustrates a typical scherane of a discriminator, 
while the graph in Fig. 3.223(c) shows the response of such a discrimi- 
nator to varying frequency. 


DISCRIMINATOR 


LIMITER A.F. OUTPUT 


Fig, 3.223(b). Schematic diagram of an FM discriminator circuit. 


The response, as shown, is the actual voltage obtained across resistors 
R, and Rg, in series. As can be seen, the instantaneous voltage output 1s 
dependent on the instantaneous frequency input. The conditions shown 
are for sine-wave modulation. 

The dashed response curve shown would be that obtained if the am- 
plitude of the input was somewhat reduced. This would result in a re- 
duced output for the same frequency deviation. This possibility is elimi- 
nated by the use of a limiter ahead of the discriminator, thus assuring 
constant amplitude input. 


D. See also Q. 3.177(a) through (d). 
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Fig. 3.223(¢c). The response of a discriminator to varying frequency. 


Q. 3.224. Describe a usual method (and equipment used) for meas- 
uring the harmonic attenuation of a transmitter. 


A. One common method of measuring the harmonic attenuation of 
a transmitter is by use of a field strength meter. This instrument is an 
accurately calibrated receiver, whose output, indicated on a dB meter, is 
proportional to the logarithm of the input voltage. The input to the in- 
strument is normally derived from a short wire, used as an antenna, and 
is thus proportional to the field strength of the signal being measured. 

The actual procedure is very simple. At some distance from the trans- 
mitter site, the meter is first tuned to the fundamental frequency and 
the output dB noted. The meter is then tuned to the desired harmonic 
and the output dB again noted. The difference in the two readings, in- 
dicates the harmonic attenuation of the transmitter. 


DD. |, See Q»'3.203 (a): 


Q. 3.225. Why is it important that transmitters remain on frequency 
and that harmonics be attenuated? 


A. (a) Each commercial transmitter is assigned a specific operating 
frequency and bandwidth channel. The purpose of such assignment is 
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to insure that each broadcaster or broadcast service does not interfere 
with other stations on their assigned frequencies. | 

(b) Harmonic frequencies must be attenuated to prevent interference 
with stations in the same or other services. 


D. For an example of harmonic interference, an AM broadcast station 
operating on 660 kilohertz might cause severe interference on 1320 kilo- 
hertz, a frequency which might be assigned to another AM broadcast 
station. This would occur in the case of appreciable second-harmonic 
radiation. In a similar manner, higher order harmonics might create inter- 
ference with stations operating on the higher-harmonic frequencies. 
While the AM broadcast band was given as an example, harmonic radi- 
ation can occur (if not adequately suppressed) from any transmitter, 
causing possible interference with other services. An interesting fact, is 
that depending on the frequencies involved, harmonic frequencies may 
travel much further than the fundamental frequency, if not suppressed 
at the source. ) 


BATTERIES 


Q. 3.226. How does a primary cell differ from a secondary cell? 


A. See Figure 3.226. A primary cell cannot be recharged after use, 
while a secondary cell can. 


D. A primary cell cannot be recharged because the substance of one 
of the electrodes is chemically eroded; this occurs because the products 
of the chemical reaction are soluble in the electrolyte. An attempt to re- 
charge it would not restore it to its first condition. 

A secondary, or storage, cell, when it is discharged, has undergone a 
chemical change, but the new products are not soluble in the electrolyte. 
When the charging current is supplied, the chemical action is reversed; 
since the electrode material has not been dissolved, the cell will be re- 
stored to its charged condition. 


Q. 3.227. What is the chemical composition of the electrolyte of a 
lead-acid storage cell? 


A. The electrolyte is a dilute solution of sulphuric acid (H2SOq4) in 
distilled water, which reaches a specific gravity of about 1.300 when 
fully charged. 


D. See also Q. 3.228 and Q. 3.229. Ammonium hydroxide (am- 
monia), baking soda (sodium bicarbonate), or washing soda (sodium 
carbonate) may be used to neutralize acid electrolyte. Great care must 


be taken to allow none of these substances to get inside the battery. 
The level of the electrolyte in a lead-acid cell should be kept 
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about % inch above the top of the plates. During charge and discharge 
some of the water (not acid) evaporates and so must occasionally be re- 
placed with pure water. If the level is allowed to be continously low, 
the useful plate area will diminish and the capacity of the battery will 
be reduced. 


Q. 3.228. Describe the care which should be given a group of storage 
cells to maintain them in good operating conditions? 

A. The following items should be carefully checked in order to main- 
tain a group of storage cells in good operating condition. 

(1) Electrolyte should be kept about 4 inch above plates by adding 


pure water when needed. 


(2) Cells should always be kept fully charged, and on trickle charge 


when not in use. 
(3) Cells should be frequently checked to determine state of charge. 
(4) Any cell showing unusual conditions should be removed from 


the circuit. 
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Fig, 3.226. Sectional uiew of storage cell. 
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(5) If electrolyte is spilled, it should be replaced after the battery 
is fully charged, using electrolyte of the rated specific gravity. 

(6) Proper ventilation must be provided. 

(7) Observe correct charge and discharge rates. 

(8) Overcharge somewhat about once each month to remove sul- 
phation. 

(9) Keep exterior of battery dry and terminals coated with vaseline 
or other suitable lubricant. 

(10) Keep all terminal connections clean and tight. 


D. In general, the capacity of a lead-acid battery is decreased when 
low temperatures are present. 

An important factor to be considered when lead-acid batteries 
are used under conditions of very low temperature is the specific grav- 
ity of the electrolyte. If the specific gravity is permitted to fall too low, 
there is a strong possibility that the electrolyte may freeze and split the 
battery. If the battery is kept fully charged, the freezing temperature 1s 
very low. 


Q. 3.229. What may cause “sulphation” of a lead-acid storage cell? 


A. Sulphation is a normal process in a lead-acid cell. However, ex- 
cessive sulphation will be caused by overdischarging and by local action 
through improper charging. 

The battery should be given an overcharge about once a month 
if in continual use, or kept on trickle charge when not in use for any 
extended period. 


D. The effects are: (1) reduced terminal voltage, (2) increased in- 
ternal resistance, (3) reduced power output, (4) possible buckling of 
the plates. 

Sulphation is the formation of lead sulphate on the positive and 
negative plates of a battery during discharge. It is a normal process in 
the lead-acid cell and is caused by sulphuric acid molecules combining 
with lead dioxide and sponge lead to form lead sulphate (PbSO,). If 
proper charging is neglected, the sulphate eventually hardens on the 
surface of the plates and prevents proper contact of the electrolyte with 
the active material of the plates. Sulphation is increased by allowing 
the battery to remain in a discharged condition, and by adding acid 
instead of properly charging the cells. 


Q. 3.230. What will be the result of discharging a lead-acid storage 
cell at an excessively high current rate? 
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A. The effects are: | 

1. Reduction of output power. If the discharge rate is 8 times nor- 
mal, the output power is only 50°/ of the normal output power. 

2. Excessive heating. 

3. Excessive evaporation of water. 


D. If the battery is also overdischarged; this will result in the for- 
mation of excessive sulphation which will probably be difficult to re- 
move with normal charging. 


Q. 3.231. If the charging current through a storage battery is main- 
tained at the normal rate, but its polarity is reversed, what will result? 


A. In an Edison cell, reversing the polarity of the charge will cause 
no damage as long as the electrolyte temperature is kept below 115°F. 
The cell will charge slightly the reverse way. The battery should be 
completely discharged and then recharged correctly. 

In a lead-acid cell reversing the charging polarity will cause no dam- 
age if the discharging effect is not permitted to become excessive. If 
permitted to continue in reverse direction, the battery will take on a 
reverse charge and become very sulphated. It should be fully discharged 
and then charged correctly at a low rate for as much as 48 hours. If 
the reverse charge is excessive the negative plates will be ruined. 


D. See Q. 3.228 and Q. 3.232. 


Q. 3.232. What is the approximate fully charged voltage of a lead- 
acid cell? 


A. The fully charged terminal voltage is about 2.06 volts. 


D. The cell is considered to be fully discharged when the terminal 
voltage drops to 1.75 volts. The actual fully charged voltage depends 
upon temperature and individual cell characteristics, but is close to the 


figure given. 


Q. 3.233. What steps may be taken to prevent corrosion of lead-acid 
storage cell terminals? 


A. The cell terminals should be occasionally cleaned and coated with 
vaseline or other suitable lubricant. 


D. Connections should be made before the terminals are coated and 
care must be taken to see that all terminal connections are tight. See 


also Q. 3.228. 
Q. 3.234. How is the capacity of a battery rated? 


A. In ampere-hours. 
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D. A typical auto battery may have a capacity of 120 ampere-hours. 
Such a battery can theoretically deliver 10 amperes continuously for 12 
hours or 120 amperes for one hour. In practice, the performance may 
be somewhat less due to heating and chemical changes in the battery. 


MOTORS AND GENERATORS 


Q. 3.235. What is “power factor”? Give an example of how it is cal- 
culated. Discuss the construction and operation of dynamotors. 


A. (a) Power factor is the factor by which the product of volts by 
amperes must be multiplied to obtain the true power. For an example 
of power factor, see the discussion. , 

(b) A dynamotor is a combination motor and generator which util- 
izes a common field winding (or permanent field magnets). The two 
armatures (motor and generator) are mounted on a single shaft and 
require only two bearings. The motor is generally run by battery 
power, but may also be run from a-c or d-c lines, depending upon 
design requirements. The output from the generator is d-c. Typical 
output values are 200 volts at 50 mA., 300 volts at 200 mA., and 600 
volts at 300 mA. 


D. (a) Ifa circuit is purely resistive, or the voltage is d.c., its actual 
power consumption may be found by the formula P = EXI. This is 
also the apparent power of a circuit, since E and I would be measured 
by a voltmeter and ammeter, respectively. However, a pure reactance 
consumes no power, so that if a circuit contains both resistance and 
reactance, E being alternating, the product of EXI (apparent power) 
is not the actual power being consumed. This is so because there 1s 
now a phase angle introduced between the voltage and current in the 
resistance. In order to find the “true” power, the apparent power 
(EXI1) must be corrected by a factor which takes into account the ef- 
fect of the phase angle. To find the true power of a circuit multiply the 
apparent power (EX1) by the cosine of the phase angle, which equals 


s Thus true power equals Ex] wie . For example, a circuit may 


have one ampere flowing through an inductance and a 3 ohm resist- 
ance. If it is d.c., the voltage is 3 volts, the power is 3 watts. If the in- 
ductance is such that 5 volts, a-c, is required to give 1 ampere, the power 
is still 3 watts (= J?R), but the volt-ampere product is 1){5=5. The 
power factor to give 3 watts is therefore 3/5 = 0.6. 


The power factor is equal oF , where Z is the a-c impedance, in 


this case 5 ohms Bue) , nS = ia = 0.6, as before. 
1 ampere Z 5 
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Since the phase-angle, A, between the current and voltage is such 
that cos A = 0.6, A is about 53°. 

True power is measured directly with a wattmeter, which automa- 
tically takes the phase-angle into account. 

(b) Normally, the output voltage of a dynamotor may be regulated 
only by changing the speed of the motor. A series resistance in the output 
line could be used to reduce the available output voltage. 

The principal advantages of a dynamotor are its compactness and 
operating efficiency. It is possible to operate dynamotors from storage 
batteries. One disadvantage of a dynamotor is that its voltage output 
is dependent on the stability of the source voltage. 

Dynamotors are used extensively in aircraft and other portable instal- 
lations to supply plate and screen grid power. A dynamotor has a higher 
efficiency than a motor-generator set, but its output voltage cannot be 
readily varied, and its regulation is poor. 


Q. 3.236. List the comparative advantages and disadvantages of mo- 
tor-generator and transformer-rectifier power supplies. 


A. The advantages of motor-generator power supplies are as follows: 

(1) Simple output voltage control. 

(2) Little filtering required, due to high ripple frequency. 

(3) Very rugged in construction and will stand much abuse. 

(4) Self-rectifying, requires no tubes. 

(5) Can be operated from either a-c or d-c lines, 

Disadvantages of motor-generator power supplies are: 

(1) High initial cost. 

(2) Difficult to repair. 

(3) Subjected to bearing troubles and other difficulties attendant 
with rotating machinery. 

(4) Equipment is noisy and causes vibration. 

(5) Large bulk and weight. 

(6) Requires comparatively frequent inspection and service, as to 
lubrication, brushes and commutator. 

(7) Limited high voltage available. 

(8) Causes radio frequency interference from brush sparking. 

The advantages of transformer-rectifier power supplies are: 

(1) Low initial cost. 

(2) Practically unlimited high voltages available. 


(3) Simple to repair and replace components, compared with motor 
generator. 


(4) Completely electronic—no moving parts to service. 
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(5) Quiet and practically vibrationless in operation. 

(6) Clean. 

(7) Can be built as an integral portion of transmitter. 
(8) Usually lighter and smaller than equivalent motor-generator. 
(9) Requires no inspection, except when trouble occurs. 
Disadvantages of transformer-rectifier power supplies are: 
(1) Voltage output not easily controlled. 

(2) Requires large filter components. 

(3) Tubes are fragile. 

(4) Usually must be operated only from a-c lines. 

(5) Tubes must occasionally be replaced. 

(6) High voltage windings cannot stand much overload. 


D. See Q. 3.65, Q. 3.66. 


Q. 3.237. What determines the speed of a synchronous motor? An 
induction motor? A d-c series motor? 


A. (a) The speed of a synchronous motor is determined by the 
number of pairs of poles and the line frequency. (b) The speed of an 
induction motor is determined by the number of pairs of poles, the fre- 
quency, and to some extent, the load. (c) The speed of a d-c series 
motor is determined chiefly by the load. 


Q. 3.238. Describe the action and list the main characteristics of a 
shunt d-c generator? 


A. The main characteristic of a shunt-wound d-c generator (Fig. 
3.238) is the good voltage regulation under varying load conditions. 
The starting of such a generator takes advantage of the residual mag- 
netic field of the field poles. As the armature starts rotating, an emf is 
induced into it due to the residual field. The first emf causes some 


Fig. 3.238. Voltage control of shunt d-c generator. 
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current to flow through the high resistance field, thus increasing the 
field strength and the output voltage to normal value. Most of the 
current is delivered to the load, due to the high field resistance. The 
field is composed of very many turns of fine wire. A series field rheo- 
stat is used to control the output voltage. 


D. See also Q. 3.245. 


Q. 3.239. Name four causes of excessive sparking at the brushes of 
a d-c motor or generator. 


A. Several causes are: 

Brushes not properly set at neutral point. 

. Weak spring tension on brushes. 

Worn brushes. 

Motor overloaded or started too rapidly. 

Open or short circuit in armature coil. 

Dirt on commutator or worn brushes. 

Commutator worn eccentric. 

High (protruding) mica insulation between commutator bars or 


ONAWAWN 


commutator bars of uneven height. 


D. (a) “Commutating poles” or “interpoles” are added in order to 
reduce brush sparking without the necessity of moving the brushes. 

Commutating poles are small field poles consisting of a few 
turns of heavy wire which are located between the main field poles of 
the machine. The commutating poles are connected in series with the 
armature, and in a motor are of the same polarity as the preceding 
main field pole. In a simple motor, as the load increases, the brushes 
have to be pushed backward to keep them in a neutral position for 
sparkless commutation. The commutating poles in a motor effectively 
twist the field forward, in proportion to the current taken, to keep the 
neutral position at the fixed brushes. (“Neutral position” refers to the 
position of the brushes on the commutator of a d-c motor or generator, 
relative to the field poles, at which minimum brush sparking will 
occur.) 

When the motor or generator is stationary and no current flows 
through the armature, the neutral position occurs when the armature 
coil in contact with a brush is exactly half way between two adjacent 


field poles. At this position no emf is induced in the armature coil. In 
any other position, as the brush transfers to another commutator seg- 
ment, it is momentarily shorting the armature coil and causes a strong 
magnetic field to be set up which collapses when the brush reaches the 
next commutator segment. It is this collapsing field which induces a 
large counter-emf and causes sparking. If a heavy current is flowing 
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through the windings, the inductance will maintain a current flow, re- 
gardless of absence of external field poles; the brushes must leave the 
commutator segment at the time that the induced voltage has brought 
the current to zero. This position is not the same for different loads. As 
the load increases, the brushes should be moved forward in the direc- 
tion of rotation to reduce sparking, in the case of a generator, while 
‘a a motor the brushes should be moved backwards against the rota- 
tion. The commutating poles keep the neutral position fixed, by effec- 
tively shifting the field. 


(b) When a d-c motor is first starting, a very large armature current 
exists due to the lack of sufficient armature cemf. This large armature 
current exists only until the armature reaches sufficient speed so that 
the cemf becomes effective in limiting the current. If too long a time 
is taken in starting the motor with a hand starter, the large current 
value will overheat and possibly burn out the starting resistors which 
are only rated for intermittent operation. The starter handle should be 
held in each position only long enough to bring the motor speed up to 
the value which is normally present at that particular setting. 


(c) A short circuit in an armature coil will cause excessive sparking 
at the commutator brushes, overheating of the machine, reduction of 


speed under load and excessive armature current. 


The effects of a short circuit in an armature coil are similar to 
the effects of a short circuit in the windings of a transformer. A very 


large circulating current would be set up in the shorted portion, and 
the magnetic field thus produced would be in such a direction as to 
cancel the normal magnetic field of the armature. This would result 
in a decreased amount of torque and speed and an excessive armature 
current with attendant overheating. 


Q. 3.240. How may radio frequency interference, often caused by 
sparking at the brushes of a high-voltage generator, be minimized? 


A. By the use of brush by-pass capacitors, and high and low fre- 
quency filters. 


D. Sparking interference is usually caused by the fact that certain 
elements within the generator form tuned circuits of various frequencies, 
and that connections and power leads behave as antennas to radiate these 
frequencies. The action of the spark in this case is similar to a regular 
spark transmitter, supplying the energy to keep the tuned circuits os- 
cillating. If spark interference suppression is to be successful, the radiat- 
ing leads must be effectively terminated (as far as radiating frequencies 
are concerned) very close to the generator. 

If a commutator motor is being used, a low-pass filter should be in- 
stalled close to it, in the motor supply line. With respect to the generator 
proper, a ripple filter (low-pass) should be connected in the high voltage 


line, as close to the generator as possible. Shielding of long connecting 
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leads will reduce radiation and interference. Brush by-pass capacitors 
should be connected from each brush to ground. If some interference 
is still present, a “pi” filter made up of an r-f choke and two r-f by-pass 
capacitors can be located close to the generator in the high-voltage line 
and ahead of the ripple filter. 


Q. 3.241. How may the output voltage of a separately excited a-c 
generator, at constant output frequency, be varied? 


A. The most practical means would be to vary the output of the 
d-c exciting generator by means of a series field rheostat. 


D. The output voltage of an ac generator depends upon (among 
other things) the magnetic strength of the generator field. A simple 
method of varying the output voltage, therefore, would be to vary the 
current of the exciter supply by means of a series rheostat. Any other 
means of varying the alternator field current would have equivalent 
effect. 


Q. 3.242. What is the purpose of a commutator on a d-c motor? 
On a d-c generator? 


A. The function of the commutator is to periodically change the ar- 
mature coils which contact the brushes and thus maintain a condition 
of uni-directional current in the output of a generator, and an alternat- 
ing current in the armature of a motor. 


D. All generators and motors are essentially a-c devices, and thus the 
commutator is really a mechanical inverter. In a d-c generator, the wind- 
ings have a.c. induced, and the output would normally be a.c., were it 
not for the fact that the commutator action switches in a new set of 
armature coils just when the current in the original coil starts to reverse 
direction. 

In a motor the switching action is such that the current in the arma- 
ture is made to reverse periodically, and thus becomes a.c., so that as 
an armature coil leaves one field pole, it will be repelled from it and 
attracted to the next. 


Q. 3.243. What may cause a motor-generator bearing to overheat? 


A. The most obvious cause would be lack of lubrication or incorrect 
type of lubrication. Other causes might be: consistent overload, lack of 
ventilation, dirt in bearings, or misalignment which may result from 
warping or distortion of base or frame. 


D. The first rule in treating an overheated bearing is never to stop 
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the machine, as the bearings might seize (or “freeze” ) when contraction 
takes place. If possible, remove the load and slow down the machine 
considerably. While running slowly make every effort to cool the ma- 
chine by forced air cooling or other means available. A large quantity of 
oil and graphite, if available, should be continuously applied while the 
machine is running slowly. Continue this treatment until the bearing 
cools to normal temperature. Flush out with flush oil or kerosene, and 
then lubricate with the proper grade of oil. If the heating has not been 
too severe the bearing will still remain in good condition. If the cause 
of overheating was due to any overload condition, the overload should be 
removed before bringing the machine back to normal speed. 


Q. 3.244. What materials should be used to clean the commutator 
of a motor or generator? 


A. The commutator may be cleaned with a piece of very fine sand- 
paper or commutator polishing paste; never use emery. 


-D. A commutator polishing agent is available, which is applied with 
a clean cloth. The commutator is then polished while the machine is 
running. 

Care should be taken in the handling of any rotating machinery, and 
especially in the handling of high voltage generators, in order to avoid 
injury and shock. 


Q. 3.245. If the field of a shunt wound d-c motor were opened while 
the machine is running under no load, what would be the probable re- 
sult(s)? 


A. The motor would race at an ever-increasing speed; and if un- 
checked it may destroy itself due to centrifugal forces, provided that 
fuses or circuit breakers did not act sooner to protect it. 


D. Ordinarily the armature current is greatly limited due to the 
counter-emf developed in the armature as the field is cut by the wind- 
ings. Since the armature current is limited, the torque and thus the 
speed is limited. If the field coil opens, most of this cemf disappears, 
and the armature current rises to very high values, increasing the tor- 
que and speed almost without limit. 


MICRO-WAVE EQUIPMENT 


Q. 3.246. Describe the physical structure of a klystron tube and ex- 
plain how it operates as an oscillator. 


A. (See Q:,8.48. 
D. See also Q. 3.251, Q. 3.248, Q. 8.42, Q. 8.46 and Q. 8.47. 
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Q. 3.247. Draw a diagram showing the construction and explain the 
principles of operation of a traveling-wave tube. 


A. See Fig. 3.247. A traveling-wave amplifier is a micro-wave am-. 
plifier which may be used at frequencies well in excess of 7500 mega- 
hertz. The tube in the figure was designed for a mid-frequency of 3600 
megahertz and a bandwidth of 800 megahertz. Bandwidths up to 5000 
megahertz or more are possible using tubes with higher mid-frequency 
design. 
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Fig. 3.247. The details of construction of a traveling-wave amplifier. 
(Courtesy of International Telephone and Telegraph Corp.) 


The tube is made up of the following major components: 

1, Electron gun. 

2. Helix line. 

3. Focusing solenoid. 

4. Collector anode. 

The length of the helix may be 6 inches or more and consists of tightly 
wound wire. When in use, the tube is inserted into two waveguides as 
shown; one for input and one for output. Input and output coupling 1s 
accomplished by short stubs connected to each end of the helix and 
mounted so as to provide or receive energy from each waveguide (see 
the figure). The helix winding and collector are operated at a high posi- 
tive potential (in this case, about 1600 volts) with respect to the cathode 
of the electron gun. The electron gun forms a beam of electrons which 
is focused electrically at the gun end and magnetically along the length 
of the helix by the focusing solenoid. The focused and accelerated beam 
is shot through the inside of the helix and parallel to its axis. It is picked 
up by the collector anode, located at the far end of the tube. 

Energy in the form of electromagnetic waves are introduced to the 
tube via the input waveguide, travel along the helix wire and are coupled 
to the output waveguide. Because the waves follow the helix wire, their 
actual forward velocity is only about one-tenth that of light. At the ac- 
celeration voltage chosen, the beam of electrons inside the helix moves 
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forward at a velocity slightly greater than that of the wave. (This is the 
condition of maximum tube gain.) The amplification of the tube occurs 
by virtue of the interaction of the electrostatic component of the electro- 
magnetic field and the electron beam. The polarity of the electrostatic 
component will have the effect of producing velocity modulation of the 
electron beam (similar to klystron operation). When the electron beam 
is caused to speed up (positive electric field) it removes energy from the 
wave. When it is caused to slow down, it supplies energy to the wave 
(negative electric field). Now remember that the electron beam velocity 
_ is slightly greater than the wave velocity. A portion of the beam origi- 
nating during a positive electric field will be further accelerated and 
will move relatively quickly out of the positive field and into the nega- 
tive field farther down the tube. It will be slowed down by the negative 
field, giving up energy to it. Since it remains longer (slower) in the 
negative field, more energy is given up to the wave than was taken from 
it and amplification results. Amplification is governed by the relative 
velocity of the beam with respect to the wave and also (within limits ) 
by the length of the helix. A longer helix produces greater gain. An 
attenuator is situated at the approximate middle of the helix line. The 
function of this attenuator is to prevent self-oscillation from occurring 
in the traveling-wave tube. It does this by reducing the magnitude of 
feedback components to a level which is incapable of sustaining 
oscillations. 


D. See also Q. 3.246 and Q. 3.248. 


Q. 3.248. Describe the physical structure of a multianode magnetron 
and explain how it operates. 


CAVITY | MICROWAVE 
MAGNETRON | OUTPUT 


MAGNET 


Fig. 3.248(a). Typical assembly of a multianode magnetron. 
The magnetic field is perpendicular to the electric field from 
cathode to plate(s). 


324 Radio Operator's License QO and A 


A. (a) A multianode magnetron consists basically of a multiple- 
cavity assembly, a centrally located cathode, an output-power coupling 
device and a very-powerful permanent magnet. A typical magnetron | 
assembly is shown in Fig. 3.248(a). 

The body of the magnetron tube is the cylindrical anode. It consists 
of a copper cylinder in which resonant cavities are cut with high preci- 
sion and which largely determine the operating frequency of the mag- 
netron. The frequency is influenced to a lesser extent by the strength of 
the magnetic and electric fields within the tube. The general arrange- 
ment of the components within the anode cylinder are shown in Fig. 
3.248(b). 
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Fig. 3.248(b). Sketch illustrating the construction of the 
anode cylinder of a typical magnetron. 


(b) Because of the interacting electric and magnetic fields, electrons 
which are emitted from the cathode trace circular paths just outside of 
the slots leading to each cavity. Initially the cavities are shock-excited 
into oscillation by this electron motion. Once the cavities are oscillating, 
the field produced by each cavity plays an important part in the con- 
tinued oscillation of the magnetron. When an electron stream is moving 
past one of the cavities, the field across the cavity must have a polarity 
capable of slowing down the electron stream. When this occurs, the 
stream gives up energy to the cavity to sustain oscillations. If the cavity 
held is such as to speed up the electron stream, the electrons will remove 
energy from the cavity and reduce the amplitude of oscillations. In prac- 
tice, more electrons give up energy to the cavities than remove energy. 
As a consequence, magnetrons operate with efficiencies varying from 20 
to 50 percent, depending upon the type of magnetron and the manner 
in which it is operated. . 
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D. Magnetron oscillators (they are not used as amplifiers) are widely 
used in radar sets as pulsed-power oscillators of high-peak power. Mod- 
erate-power magnetrons transmit in the order of 50 to 105 kW of peak 
power, while peak outputs of 1 mW or more are found in high-power 
radar sets. (Klystrons having peak-output powers of 1 mW or more are 
also used in some high-power radar sets.) The frequency ranges in which 
magnetrons are used, range from about 1,000 MHz to well over 30,000 
MHz. 

In order to obtain high peak-power outputs without overloading, most 
magnetrons are operated at a low-duty cycle (see below). Typically, a 
moderate-power magnetron may be pulsed (at its cathode) with a nega- 
tive 15,000 volt pulse, having a duration of about 1 microsecond and a 
pulse repetition-rate of about 1000 Hz. It may require a peak pulse cur- 
rent of about 20 amperes. The duty cycle may be calculated as, Duty 
Cycle = Pulse width X Pulse Repetition Frequency. 

For the example above: 


Duty Cycle = 1 ps X 1000 = 1 X 10-® X 108 = 10~* = .001 


Duty cycles in the order of 0.001 are very common in pulsed magnetron 
operation. 


While Figure 3.248(b) shows a coaxial power output, it is perhaps 
even more common to feed a waveguide output directly from the 
magnetron. In this event, the coupling loop trom the cavity may lead di- 
rectly to a quarter-wave radiator coupled inside of a waveguide. Power 
is then transferred through a length of waveguide to the radar antenna. 
It is interesting to note that the output coupling loop is only present 
in one of the multiple cavities. However, the cavities are so tightly cou- 
pled together that all of the power is extracted from the magnetron. 


Q. 3.249. Discuss the following with respect to waveguides: 
(a) Relationship between frequency and size. 

(b) Modes of operation. 

(c) Coupling of energy into the waveguide. 

(d) General principles of operation. 


A. (a) For a rectangular waveguide, the wider dimension must be 
greater than one-half wavelength, while the narrow dimension should be 
less than one-half wavelength (see discussion). The length is not critical, 
however, as in any conductor, the losses increase in proportion to the 
length of the waveguide run. 

(b) The mode of operation of a waveguide defines the manner in 
which the electric and magnetic fields arrange themselves inside of the 
waveguide. Each field configuration is called a “mode.” Different modes 
may be excited by using different schemes of excitation. (Generally, 
probes of some type.) The possible modes are determined by the shape 
of the waveguide. Modes are separated into two groups, as follows: 
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(1) The transverse magnetic (TM) group has its magnetic field in 
the direction transverse to the direction of propagation. 

(2) The transverse electric (TE) group has its electric field transverse 
to the direction of propagation and has « component of magnetic field in 
this direction. 

Each particular mode is identified by the letters for the group followed 
by two numerals. Examples are TM) or TE; o. 

Figure 3.249(a) illustrates the distribution of the electric and magnetic 
fields in a rectangular waveguide excited in the TE;,9 mode. Note in 
the end view that one-half wavelength of electric field lines appears 
across the wider dimension. The electric field is strongest at the center 
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Fig. 3.249(a). Illustration of the electric and magnetic fields 
in rectangular waveguide excited in the TE, 9 mode. 


and weakest. at the two ends. The electric-field lines are the vertical solid 
lines with arrows, while the magnetic-field lines are dashed and are per- 
pendicular to the electric-field lines. (See also Q. 3.14, Q. 3.196 and 
O5.1973) 

(c) Coupling of energy to a waveguide may be accomplished in one 
of three principal ways, as follows: 

(1) Insertion of a small loop of wire which couples to the electro- 
magnetic field, as shown in Fig. 3.249(b). 

(2) Insertion of a small straight probe which couples to the electro- 
static field, as shown in Fig. 3.249(c). 

(3) Linkage of the fields within the waveguide by external fields via 
the use of slots or holes in the wall of the waveguide. 

(d) The waveguide operates on its ability to conduct electromagnetic 
waves within its boundaries. The energy is considered to be completely 
contained in these waves and is not carried as a current in wires. Be- 
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Fig. 3.249(b). Excitation of a waveguide by means of a 
magnetic loop of wire. 


cause of skin effect, no energy escapes through the waveguide walls. 
Energy is introduced into and removed from a waveguide by one of the 
three methods described in (c) above. 


D. (a) In rectangular waveguides, one mode (the TE;, 9) is consid- 
ered to be superior. A rectangular waveguide can easily be constructed 
to be excited only in this mode. As mentioned in A.(a) above, the wide 
dimension must be greater than one-half wavelength, but not greater 
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Fig. 3.249(c). Excitation of waveguide by means of 
electrostatic probe. 
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than one wavelength. Also the narrow dimension must be less than one- 
half wavelength. (This condition is illustrated in Fig. 3.249(a).) This 
mode is frequently called the “fundamental” mode. Its uses ensures that 
no unwanted, spurious modes will exist to waste power in the system. 
(See also Q. 8.31.) 

(b) For a comparison between waveguides and coaxial lines, see 
Q. 8.30. 

(c) Some advantages of waveguides are as follows: 

1. Lowest losses of any conventional transmission line at the fre- 
quencies for which they are practical. 

2. A hollow waveguide can transmit higher power than a coaxial 
line of the same size. 7 

3. A hollow waveguide is more rugged than a coaxial line because 
there is no inner conductor or supports. 

4. Simpler construction than a coaxial line. 

5. Complete shielding. 

(d) Some disadvantages of waveguides are as follows: 

1. The minimum size is proportional to the wavelength used. For 
a rectangular guide the height must be approximately 4 wavelength 
or more. 

2. Because of the size, waveguides are not extensively used below 
about 3000 megacycles (10 cm). For 10 meter waves the pipe would 
have to be 25 feet wide. 

3. Installation and operation of hollow waveguides is considerably 
more difficult than for other types of lines. 


Q. 3.250. Describe briefly the construction and purpose of a wave- 
guide. What precautions should be taken in the installation and main- 
tenance of a waveguide to insure proper operation? 


A. (a) For construction, see Q. 8.28. 

(b) For purpose and characteristics, see Q. 8.30 and 3.249. 

(c) For installation and maintenance, see Q. 8.27, 8.28, 8.29, 8.33, 
8.34, 8.35. 


Q. 3.251. Explain the principles of operation of a cavity resonator. 


A. A cavity resonator is a resonant circuit device, having very high 
Q and capable of being efhciently operated in the microwave frequency 
region. A cavity resonator is actually a measured section of waveguide 
whose resonant frequency depends upon its dimensions. Typical shapes 
for cavities are rectangular, cylindrical, spherical and doughnut. Cavities 
are energized in the same manner as waveguides, as described in Q. 
3.249(c), above. Two of the more commonly used types of cavities are 
illustrated in Fig. 3.251(a). 


D. A resonant cavity may be considered as merely another type of 
tuned circuit, but one which is able to function efficiently at microwave 
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Fig. 3.251(a). Two common types of resonant cavities, 

showing electric-fleld lines (solid) and magnetic-field lines 

(dashed) and means of adjusting the frequency. Part (1) 

shows a“rhumbatron (or doughnut) type. A cylindrical type 
1s shown in part (2). 


frequencies, where the conventional coil and capacitor circuit becomes 
virtually useless. However, as shown in Fig. 3.251(b), the resonant cavity 
may be considered as developed from a single turn of wire and a capaci- 
tor. Additional turns are added in parallel until a complete rhumbatron 
(doughnut) cavity is formed. Placing additional turns in parallel, as 
shown, has the effect of reducing the inductance, thereby increasing the 
resonant frequency and the Q of the circuit. (Note that this type ot 
development is not strictly accurate, but is a helpful concept in the intro- 
duction to the study of resonant cavities.) Cavities are used as resonant 


Fig. 3.251(b). The development of a resonant cavity can be 

considered as starting with a single turn of wire and a capact- 

tor, as in (1), and putting turns in parallel until a completely 

enclosed volume results, as in (2); this is called a rhumba- 
tron cavity. 
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circuits at frequencies from about 1000 MHz to frequencies in excess of 
30,000 MHz. The Q of a cavity may be in the order of several thousand. 
Cavities are commonly used as the resonant circuits for: 
1. Magnetrons (see Q. 3.248). 
2. Klystrons (see Q. 3.246 and Q. 8.48). 
3. Echo boxes (see Q. 8.38). 
4. TR and ATR tubes (see Q. 8.51). 


5. Microwave wavemeters. 


Q. 3.252. How are cavities installed in vertical waveguides to prevent 
moisture from collecting? Why are long horizontal waveguides not de- 
sired? 


A. (a) To prevent moisture accumulation, the cavity may be mounted 
through a choke joint employing moisture-sealing gaskets. The same 
technique may be used at each choke-coupling flange of a waveguide run 
to prevent the introduction of moisture into the waveguide. In addition, 
pressurizing the waveguide with dry air or an inert gas will prevent the 
entrance of moisture. 


(b) See Q. 8.29. 


D. (a) For description of choke joint, see Q. 8.35. 

Choke joints are also commonly used to join such items as magne- 
trons, echo boxes, TR and ATR tubes and klystron outputs to wave- 
guides (see Fig. 8.41(c)). 

(b) See also Q. 8.33, Q. 8.41 and Q. 3.250. 


RULES AND REGULATIONS 


Q. 3.253. Define the following words and phrases listed under Sec- 
tion 2.1 of the Commission’s Rules. (R & R 2.1) 


A. R&R2.1: Definitions: 

(a) Authorized frequency. The frequency assigned to a station by the 
FCC and specified in the instrument of authorization. 

(b) Carrier: In a frequency stabilized system, the sinusoidal compo- 
nent of a modulated wave whose frequency is independent of the modu- 
lating wave; or the output of a transmitter when the modulating wave 
is made zero; or a wave generated at a point in the transmitting system 
and subsequently modulated by the signal; or a wave generated locally 
at the receiving terminal which, when combined with the sidebands in 
a suitable detector, produces the modulating wave. 

(c) Base station: A land station in the land mobile service carrying 
on a service with land mobile stations. 

(d) Coast station: A land station in the maritime mobile service. 

(e) Earth station: A station located either on the earth’s surface 
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or within the major portion of the earth’s atmosphere intended for 
communication: 

(a) With one or more space stations; or 

(b) With one or more stations of the same kind by means of one 
or more passive satellites or other objects in space. 

(£) Fixed station. A station in the fixed service. 

(g) Space station: A station located on an object which is beyond, is 
intended to go beyond, or has been beyond, the major portion of the 
earth’s atmosphere. 

(h) Harmful interference: Any emission, radiation or induction which 
endangers the functioning of a radio-navigation service or of other safety 
services or seriously degrades, obstructs, or repeatedly interrupts a radio- 
communication service operating in accordance with this chapter. 

(i) Land mobile service: A mobile service between base stations and 
land mobile stations, or between land mobile stations. 

(j) Land station. A station in the mobile service not intended to be 
used while in motion. 

(k) Mobile service. A service of radio communication between mobile 
and land stations, or between mobile stations. 

(1) Primary standard of frequency. The primary standard of fre- 
quency for radio frequency measurements shall be the National Bureau 
of Standards, Department of Commerce, Boulder, Colorado. The oper- 
ating frequency of all radio stations will be determined by comparison 
with this standard or through the standard signals of stations WWV, 
WWVH, or WWVB, of the National Bureau of Standards. 


Q. 3.254. What is the frequency range associated with the following 
general frequency subdivisions? ( R & R 2.101) 

(a) VLF 

(b) LF 

(c) MF 

(d) HF 

(e) VHF 

(f) UHF 

(g) SHF 

(h) EHF 


A. (a) VLF (very low frequency). Below 30 Hz. 
(b) LF (low frequency). 30 to 300 Hz. 

(c) MF (medium frequency). 300 to 3000 Hz. 

(d) HF (high frequency). 3 to 30 MHz. 

(e) VHF (very high frequency). 30 to 300 MHz. 

(f) UHF (ultra high frequency). 300 to 3000 MHz. 
(g) SHF (super high frequency). 3 to 30 GHz. 

(h) EHF (extremely high frequency). 30 to 300 GHz. 
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Q. 3.255. What is meant by the following emission designations? 
(R & R 2.201) , 

(a) A3 

(b) A3A 

(c) A5C 

(d) F3 

(e) F5 

(f) P3D 


A. (a) A3: Amplitude modulation, telephony, double sideband trans- 
mission. 

(b) A3A: Amplitude modulation, telephony, single sideband, reduced 
carrier. 

(c) A5C: Amplitude modulation, television, vestigial (partial) side- 
band. 

(d) F3: Frequency (or phase) modulation, telephony. 

(e) F5: Frequency (or phase) modulation, television. 

(f) P3D: Pulse modulation, telephony, amplitude modulated pulses. 


Q. 3.256. What is the basic difference between type approval and 
type acceptance of transmitting equipment? (R & R 2.903, 2.905) 


A. Type approval contemplates tests conducted by FCC personnel. 
Type acceptance is based on data concerning the equipment submitted 
by the individual prospective licensee. 


Q. 3.257. Define the following words and phrases listed under Sec-_ 
tion 89.3 of the Commission’s Rules. 


A. (a) Authorized bandwidth: The maximum width of the band of 
frequencies, as specified in the authorizations, to be occupied by an 
emission. 

(b) Bandwidth occupied by an emission: The width of the frequency 
band normally specified in kilohertz) containing those frequencies upon 
which a total of 99 percent of the radiated power appears, extended to 
include any discrete frequency upon which the power is at least 0.25 
percent of the total radiated power. 

(c) Station authorization: Any construction permit, license, or special 
temporary authorization issued by the Commission. 


Q. 3.258. May stations in the Public Safety Radio Services be oper- 
ated for short periods of time without a station authorization issued by 
the Commission? (R & R 89.51) 


A. No radio transmitter shall be operated in the Public Safety Radio 
Services except under and in accordance with a proper station authori- 
zation granted by the Federal Communications Commission. 
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Q. 3.259. What notification must be forwarded to the Engineer in 
Charge of the Commission’s district office prior to testing a new radio 
transmitter in the Public Safety Radio Service (which has been obtained 
under a construction permit issued by the Commission)? (R & R 
89.59) 


A. FCC Form 456 ‘Notification of Completion of Radio Station 
Construction’’ may be used to advise the Engineer-in-Charge of the 
local district office that construction of the station is complete and that 
operational tests will begin. 


Q. 3.260. Where may standard forms applicable to the Public 
Safety Radio Services be obtained? (R & R 89.55(a)) 


A. To assure that necessary information is supplied in a consistent 
manner by all persons, standard forms are prescribed for use in connec- 
tion with the majority of applications and reports submitted for Com- 
mission consideration. Standard numbered forms applicable to the Public 
Safety Radio Services may be obtained from the Washington, D.C. Office 
of the Commission, or from any of its engineering field offices. 


Q. 3.261. In general, what type of changes in authorized stations 
must be approved by the Commission? What type does not require Com- 
mission approval? (R & R 89.75) 


A. Authority for certain changes in authorized stations must be ob- 
tained from the Commission before these changes are made, while other 
changes do not require prior Commission approval. The following para- 
graphs describe the conditions under which prior Commission approval 
is or is not necessary. 

(a) Proposed changes which will result in operation inconsistent with 
any of the terms of the current authorization require that an application 
for modification of construction permit and/or license be submitted to 
the Commission. The request for authorization shall be submitted on 
FCC Form 400, and shall be accompanied by exhibits and supple- 
mentary statements as required by R & R 89.63. 

(b) Proposed changes which will not depart from any of the terms of 
the outstanding authorization for the station involved may be made with- 
out prior Commission approval. Included in such changes is the substi- 
tution of various makes of transmitting equipment at any station pro- 
vided the particular equipment to be installed is included in the Com- 
mission’s “List of Equipment Acceptable for Licensing.” In addition it 
must be designated for use in the Public Safety, Industrial, and Land 
Transportation Radio Services. The substitute equipment must employ 
the same type of emission and must not exceed the power limitations as 
set forth in the station authorization. 
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Q. 3.262. The carrier frequency of a transmitter in the Public 
Safety Radio Service must be maintained within what percentage of 
the licensed value? Assume the station is operating at 160 MHz/s 
with a licensed power of 50 watts. (R & R 89.103) 


A. The carrier frequency must be maintained within 0.0005 percent. 


Q. 3.263. What is the authorized bandwidth and frequency de- 
viation of Public Safety stations operating at about 30 MHz? At 
about 160 MHz? (R & R 89.107) 


A. (a) For 30 megahertz, the authorized bandwidth is 20 kilohertz, 
and the frequency deviation is 5 kilohertz. 
(b) For 160 megahertz the specifications are the same as (a) above. 


Q. 3.264. What is the maximum percentage modulation allowed by 
the Commission’s rules for stations in the Public Safety Radio Services 
which utilize amplitude modulation? (R & R 89.109) 


A. The maximum is 100 percent on negative peaks. 


Q. 3.265. Define “control point” as the term refers to transmitters 
in the Public Safety Radio Service. (R & R 89.113) 


A. A control point is an operating position which: 

(a) Must be under the control and supervision of the licensee. 

(b) Is a position at which the monitoring facilities are installed. 

(c) Is a position at which a person immediately responsible for the 
operation of the transmitter is stationed. 


Q. 3.266. Outline the transmitter measurements required by the Com- 
mission’s rules for stations in the Public Safety Radio Service. (R & R 
89.115) 


A. Transmitter measurements: (a) The licensee of each station 
shall employ a suitable procedure to determine that the carrier fre- 
quency of each transmitter authorized to operate with an output power 
in excess of 2 watts, is maintained within the tolerance prescribed in 
this part. This determination shall be made, and the results thereof 
entered in the station records, in accordance with the following: 

(1) When the transmitter is initially installed ; 

(2) When any change is made in the transmitter which may affect 
the carrier frequency or the stability thereof: 

(b) The licensee of each station shall employ a suitable procedure 
to determine that the transmitter output power of each transmitter 
authorized to operate with an output power in excess of two watts does 
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not exceed the maximum figure specified on the current station authori- 
zation, On authorizations stating only the input power to the final radio 
frequency stage, the maximum permissible output power is 75 percent 
for frequencies below 25 MHz and 60 percent of the input power for 
frequencies above 25 MHz. If a non-DC final radio frequency stage is 
utilized, then the output power shall not exceed 75 percent of the input 
power. This determination shall be made, and the results thereof 
entered into the station records, in accordance with the following: 

(1) When the transmitter is initially installed; 

(2) When any change is made in the transmitter which may affect 
the transmitter power output. 

(c) The licensee of each station shall employ a suitable procedure 
to determine that the modulation of each transmitter authorized to 
operate with an output power in excess of 2 watts, does not exceed 
the limits specified in this part. This determination shall be made and 
the results thereof entered in the station records, in accordance with the 
following: 

(1) When the transmitter is initially installed ; 

(2) When any change is made in the transmitter which may affect 
the modulation characteristics ; 

(d) The determinations required by paragraphs (a), (b), and (c) 
of this section may, at the option of the licensee, be made by any 
qualified engineering measurement service, in which case, the required 
record entries shall show the name and address of the engineering 
measurement service as well as the name of the person making the 
measurements. 

(e) In the case of mobile transmitters, the determinations required 
by paragraphs (a)-and (c) of this section may be made at a test or 
service bench; provided, the measurements are made under load condi- 
tions equivalent to actual operating conditions, and provided further, 
that after installation the transmitter is given a routine check to deter- 
mine that it is capable of being satisfactorily received by an appropriate 
receiver. 


Q. 3.267. What are the general requirements for transmitting the 
identification announcements for stations in the Public Safety Radio 
Service? (R & R 89.153) 


A. Station identification. 

(a) Except as provided in paragraphs (b) and (h) of this section, 
the required identification for stations in these services shall be the as- 
signed call signal. 

(b) In lieu of meeting the requirements of paragraph (a) of this 
section, mobile units in the Police, Fire, Forestry-Conservation, High- 
way Maintenance, and Local Government Radio Services operating 
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above 30 MHz may identify by means of an identifier other than the 
assigned call signal: Provided, that such identifier contain, as a mini- 
mum, the name of the government subdivision under which the unit is 
licensed; that the identifier is not composed of letters or letters and 
digits arranged in a manner which could be confused with an assigned 
radio station call signal; that the licensee notifies, in writing, the Engi- 
neer in Charge of the District in which the unit operates concerning the 
specific identifiers being used by the mobile units. 

(c) Nothing in this section shall be construed as prohibiting the trans- 
mission of additional station or unit identifiers which may be necessary 
for systems operation: Provided, such additional identifiers are not to be 
composed of letters or letters and digits arranged in a manner which 
could be confused with an assigned radio station call signal. 

(d) Except as indicated in paragraphs (e), (f), and (g) of this sec- 
tion, each station in these services shall transmit the required identifica- 
tion at the end of each transmission or exchange of transmissions, or 
once each 30 minutes of the operating period, as the licensee may prefer. 

(e) A mobile station authorized to the licensee of the associated base 
station and which transmits only on the transmitting frequency of the 
associated base station is not required to transmit any identification. 

(f) Except as indicated in paragraph (e) of this section, a mobile 
station shall transmit an identification at the end of each transmission 
or exchange of transmissions, or once each 30 minutes of the operating 
period, as the licensee may prefer. Where election is made to transmit 
the identification at 30 minute intervals, a single mobile unit in each 
general geographic area may be assigned the responsibility for such trans- 
mission, thereby eliminating any necessity for each unit of the mobile 
station to transmit the identification. For the purpose of this paragraph 
the term “each general geographic area” means an area not smaller than 
a single city or county and not larger than a single district of a state 
where the district is administratively established for the service in which 
the radio system operates. 

(g) A station which is transmitting for telemetering purposes or for 
the actuation of devices, or which is retransmitting by self-actuating 
means a radio signal received from another radio station or stations, will 
be considered for exemption from the requirements of paragraph (d) of 
this section in specific instances, upon request. 

(h) In lieu of the requirement of paragraph (a) of this section, 
base, fixed relay, repeater, and mobile relay stations shall be identified 
by the transmission of the call sign of the associated controlling station. 


Q. 3.268. When a radio operator makes transmitter measurements 
required by the Commission’s rules for a station in the Public Safety 
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Radio Service what information should be transcribed into the station’s 
records? (R & R 89.175) 


A. The results and dates of the transmitter measurements and the 
name of the person or persons making the measurements. 


Q. 3.269. What are the Commission’s general requirements regard- 
ing the records which are required to be kept by stations in the Public 
Safety Radio Service? (R & R 89.177) 


A. Form of station records. (a) The records shall be kept in an or- 
derly manner and in such detail that the data required are readily avail- 
able. Key letters or abbreviations may be used if proper meaning or 
explanation is set forth in the record. 

(b) Each entry in the records shall be signed by a person qualified 
to do so having actual knowledge of the facts to be recorded. 

(c) No record or portion thereof shall be erased, obliterated, or will- 
fully destroyed within the required retention period. Any necessary cor- 
rection may be made only by the persons originating the entry who shall 
strike out the erroneous portion, initial the correction made and indicate 
the date of the correction. 


APPENDIX TO ELEMENT III 


TROUBLESHOOTING RADIOTELEPHONE CIRCUITS 


Some questions on analyzing circuit troubles appear on the Element 
III examination. These questions test the applicant's ability to analyze 
the effects of part failure on circuit operation. Other questions require 
the student to complete schematic diagrams or to identify mistakes in 
schematic diagrams. To assist the student in answering these questions, 
the following section presents in question and answer form a review of 
the effects of part failure on the operation of various basic circuits 
employing both vacuum tubes and transistors. Most of the trouble- 
shooting questions contain references to discussions in other portions 
of this book. The student is strongly urged to refer to these discussions 
to help him attain a better understanding of the principles involved in 
each troubleshooting problem. 

To simplify the presentation, all transistor circuits in this appendix 
are shown as PNP types. However, the same operating principles and 
troubleshooting procedures apply to NPN transistor circuits. If NPN 
transistors were used, it would be necessary merely to reverse all 
battery polarities. 


OSCILLATORS 


Q. 3.270 In the circuit of the tuned-plate, tuned-grid (TPTG) 
oscillator shown in Fig. 3.270, what will be the effect on the read- 
ing of Meter M1, if C1 becomes shorted or open? 


A. Meter M1 will read 0. 


D. The TPTG oscillator, like most other tube LC oscillators, employs 
grid-leak biasing. Grid-leak bias is developed only when the grid tank 
circuit is oscillating. During the positive swing of the tank circuit, the 
grid draws current to charge C2. During the negative swing of the tank — 
circuit, C2 discharges through R1 to provide a negative grid-bias volt- 
age. (See Q. 3.86.) Typically this voltage is about —3 to —) volts. 
If Cl shorts or opens, oscillations will cease, and grid-leak bias can no 
longer be developed. Therefore, M1 will read 0. (See also Q. 3.284.) 


Al 


Fig. 3.270. TPTG oscillator. 


Q. 3.271 In Fig. 3.270, what will be the effect on the reading 
of Meter M2 with C1 shorted or open? 


A. The reading of Meter M2 will increase. 


D. As discussed in answer of 3.270, oscillations will cease if Cl 
shorts or opens and a negative bias can no longer be developed. The 
control grid, which was negative with respect to the cathode, will be at 
approximately the same potential. Therefore, plate current will increase, 
as indicated by an increase in the meter reading. 


Q. 3.272 In the TPTG oscillator (see Fig. 3.270), what will be 
the effect on the reading of Meter M1 if R1 opens? 


A. Meter M1 would read 0, because no current can flow through the 
meter with the grid circuit open. 


Q. 3.273 In Fig. 3.270, what would be the effect on the read- 
ing of Meter M1 if C4 becomes shorted or open? 


A. Meter M1 would read 0. 


D. Oscillations in the grid tank circuit are sustained by regenerative 
feedback from the plate tank circuit. If C4 shorts or opens, oscillations 
in the plate tank circuit will cease, and no feedback will be present. 
This will also cause the grid tank circuit to stop oscillating. And, as 
explained in Q. 3.270, negative grid-leak bias is no longer produced 
when the grid tank circuit stops oscillating, so that no current flows 
through Meter M1. In addition, the reading on Meter M2 will increase 
because of the loss of grid-leak bias. 
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Q. 3.274 In Fig. 3.270, what would be the effect on oscillator 
operation if C2 shorted or opened? 


A. In both cases, oscillation would cease. Meter M1 would read 0 
and Meter M2 would show increased plate current. 


D. If C2 shorted, grid-leak bias could not be developed (see Q. 3.86). 
The tube would operate at saturation plate current and oscillations could 
not build up and be sustained. 

If C2 opened, the r-f connection to the grid would be disconnected 
and L1C1 would be isclated from the oscillator circuit. Oscillations 
could not occur in the circuit, since C2 normally offers a low-impedance 
r-£f path between L1C1 and the grid. 


Q. 3.275 In Fig. 3.270, what would be the effect on oscillator 
operation if L1 or L2 opened or shorted? 


A. Under the conditions stated in the question, oscillations would 
cease. 


D. If either tank coil opened or shorted, one tuned circuit would 
cease to function and oscillations could not be developed. (See Q. 3.86.) 
In addition, if L2 opened, the plate voltage would be removed from the 
oscillator tube. 


Q. 3.276 In Fig. 3.270, what would be the effect on oscillator 
operation if C3 opened or shorted? 


A. If C3 opened, oscillations would cease; M1 would read 0, and M2 
would show increased plate current. If C3 shorted, oscillations would 
cease; M1 would read 0, and M2 would show an excessive current. 


D. Capacitor C3 normally provides a low-impedance path for the 
oscillator frequency signal to return to the cathode (r-f plate current). 
If C3 opened, the only r-f return path to the cathode would be through 
the relatively high r-f impedance of the power supply to ground, which 
would greatly reduce the plate circuit r-f current and the r-f voltage 
across L2C4. As a result, the feedback to the grid circuit would be 
inadequate to sustain oscillations. 

If capacitor C3 shorted, no plate voltage would be applied to 
V1 and the circuit would be inoperative. Meter M1 would read 0. How- 
ever, a very high current would flow through M2 and capacitor C3, 
and the meter might be damaged. 


Q. 3.277 What is a simple test to determine if an oscillator is 
operating? 


A3 


A. Assuming’ no built-in meters are present (as in Fig. 3.270), the 
simplest test is to measure the negative grid bias of the oscillator tube 
with a high-resistance voltmeter. 


D. The “correct” bias for any oscillator must be determined for each 
individual circuit. It may sometimes be obtained from manufacturer’s 
voltage charts or may be measured and recorded when the oscillator is 
operating zormally. In measuring the grid bias, a high-resistance volt- 
meter should be used. This should have a rating of at least 20,000 ohms 
per volt. A better choice is an electronic voltmeter having an input 
resistance of 11 megohms on all scales. Using a low-resistance voltmeter 
will give erroneous readings, because it will shunt the grid resistor, 
reducing its effective value and thus the bias (see Q. 3.86). Also, a low- 
resistance voltmeter will severely load the tank circuit, giving erroneous 
information about the condition of the oscillator. (For additional 
methods of checking oscillation, see Q. 3.91.) 


Q. 3.278 What conditions may cause weak output from an os- 
cillator and how is this condition determined? 


A. Weak output may be caused by: 
(1) Weak oscillator tube. 
(2) Low power supply voltage. 
(3) Increased value of plate (or screen) circuit resistor, or de- 
fective r-f choke. 
(4) Defective tank coil or capacitor. 
(5) Defective grid capacitor or grid resistor. 
Weak output is most easily determined by measuring the grid bias 
(see Q. 3.277) and comparing it with the known good value. 


D. In some cases, the oscillator output may be almost normal at 
higher frequencies and may decrease severely or stop entirely at lower 
frequencies. This occurs because in most oscillators, the amount of 
feedback increases as the frequency increases. Some of this effect 1s 
normal, but if it should be excessive, the troubles are usually those 
described above for weak oscillations. 


Q. 3.279 In the crystal oscillator circuit of Fig. 3.279, what 
would be the effect on oscillation if C2 shorted or opened? 


A. If C2 shorted, there would be no change in oscillator operation. 
If C2 opened, oscillations would cease; M1 would read 0, and M2 would 
read increased current. (See Q. 3.274 D.) 


D. In Fig. 3.279, a resonant crystal has been substituted for the grid 
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CRYSTAL 


Fig. 3.279. Crystal oscillator circuit. 


tank circuit L1C1 in Fig. 3.270. (See Q. 3.93, Q. 4.42, and Q. 3.86 (b) 
(3) for a discussion of the operation of this type of oscillator.) 

If C2 shorted, oscillator operation would not change because the 
crystal holder constitutes a capacitor and would assume the function 
of C2. Actually, the crystal holder capacitance and C2 are normally in 
series, and the effective grid-leak capacitance is the series resultant of the 
two capacitances. Thus, if C2 is appreciably larger than the crystal 
holder capacitance, very little change in the total grid-leak capacitance 
will take place if C2 shorts. In many crystal oscillator circuits, C2 is not 
used. The time constant of R1 and the total grid-leak capacitance must 
be at least five times as great as the period of the waveform at the 
oscillating frequency. If this is true, the grid-leak bias will be sustained 
virtually unchanged between the positive peaks of each r-f cycle. (See 
also Q. 3.95, Q. 4.43, and Q. 4.44.) 


Q. 3.280 In the crystal-oscillator circuit of Fig. 3.279, what 
would be the effect on circuit operation of the following: 

(a) R1 open? 

(b) C4 open or shorted? 

(c) L2 open or shorted? 

(d) C3 open or shorted? 


A. For (a), above, see Q. 3.272. 
For (b), above, see Q. 3.273. 
For (c), above, see Q. 3.275. 
For (d), above, see Q. 3.276. 


Q. 3.281 In a crystal oscillator, what would be the effect(s) of 


defective crystal? 


A. The effect(s) might be: 
AD5 


1. Cessation of oscillations. 
2. Variations of oscillator frequency. 
3. Weak oscillations. 


D. For other causes of weak oscillations, see Q. 3.278, and also Q. 


3.93 and Q. 3.97. 


Q. 3.282 In a crystal oscillator, what might cause the oscillator 
frequency to be incorrect? 


A. 1. Incorrect operating temperature of the crystal. 
2. Cracked or dirty crystal. 
3. Improperly tuned plate tank circuit. 
4, Incorrect pressure of the crystal holder. 


D. 1. See Q. 3.93 and Q. 3.94. 

2: -See:Q. 3.97: 

3. Improper tuning of the plate (or screen grid in electron- 
coupled type) circuit may cause minor frequency changes in a crystal 
oscillator and may also affect its stability. The phase and amplitude of 
the oscillator feedback voltage are controlled by varying the tuning 
of the plate tank circuit. This is the maim function of the plate tank. 
Thus, both the optimum stability and the exact operating frequency of 
this crystal oscillator may be achieved only if the plate tank is tuned 
correctly. The plate tank is tuned correctly when it is tuned inductively, 
that is, when the natural resonance frequency of the tank is higher than 
the operating (crystal) frequency. This is achieved by reducing the tun- 
ing capacitance (C4) below the value which provides resonance at the 
crystal frequency. 

The correct method of adjusting crystal oscillators utilizing a plate 
(or screen-grid) tank circuit is shown in Fig. 3.282 and Fig. 3.279. With 
the aid of meter M2, capacitor C4 is adjusted first for minimum plate 
current, shown by Point C in Fig. 3.282. At this point, the tank is 
practically resistive and offers maximum impedance because it is tuned 
to the grid (crystal) circuit frequency. This is a critical point of opera- 
tion, because any small increase in C4 will make the plate tank capact- 
tive instead of inductive. This will cause the feedback to be out of 
phase to the grid circuit, and oscillations will cease. To render the 
oscillator stable, capacitor C4 is decreased in value somewhat from the 
point of minimum plate current, and the plate current is permitted 
to rise as in Points A to B in Fig. 3.282. When the oscillator is adjusted 
in this manner, it is operating away from the unstable point at C. At the 
same time, the amount of feedback is reduced, further improving oscil- 
lator stability. (In practice, the plate tank should be tuned 4 to 6 per 
cent above the crystal frequency.) 
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Fig. 3.282. Tuning curve for a crystal oscillator (see text). 


4. Correct operation of an oscillator crystal depends upon the 
correct pressure being applied to the crystal. There must be adequate 
pressure to maintain good electrical contact during vibration. If the 
pressure is excessive, the crystal may stop oscillating or may oscillate 
at a reduced amplitude or at a different frequency. In general, the 
correct pressure is established by using a crystal holder specifically 
designed for the particular cut of crystal in use. 


Q. 3.283 A schematic diagram of a transistorized (PNP), shunt- 
fed Hartley oscillator is given in Fig. 3.283. Describe several ways 
to detect oscillation in this circuit. 


A. Any of the following methods may be used: 

1. Tuning a radio receiver to the oscillator frequency. (If the 
receiver has a BFO (Q. 3.158), turn it on to hear a whistle.) 

2. Tuning a heterodyne frequency meter to the oscillator fre- 
quency. A sensitive wavemeter (loosely coupled) may also be used. 

3. Certain grid-dip meters have phone jacks and provisions for 
detecting a zero-heat condition. When the grid-dip meter is tuned to the 
oscillator frequency (if operating), a zero-beat condition will be 
observed. 

4. A neon bulb or low-current flashlight bulb connected to a 
loop of wire and loosely coupled to the oscillator circuit will light if the 
oscillator is functioning. 

5. Connect a voltmeter (low scale) to measure the emitter-to-base 
bias voltage. Now, load down the oscillator. (A simple way to do this 
is to touch the base or collector end of the oscillator coil.) If the 
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Fig. 3.283. Schematic of a transistorized, shunt-fed Hartley osctllator. 


oscillator is working, there will be a noticeable change in the bias 
voltage. If not, the voltage will remain constant. The magnitude of the 
bias is not important for this test; only the change (or lack of change) 
of bias voltage is looked for. 


D. Most vacuum-tube oscillators employ grid-leak bias. (See Q. 
3.86 A. General and Q. 4.46 (b) and (d).) With this type of circuit, 
it is a simple matter to determine if oscillations are present by measuring 
the bias. (See Q. 3.277.) Unfortunately, this simple test is not applicable 
to transistor oscillators, since their input resistance is very low and only 
a low value of “grid-leak” bias can be developed. Thus, with transistor 
oscillators, one of the methods described above should be used to detect 
the presence of oscillations. 

Although the circuit shown in Fig. 3.283 is a Hartley transistor 
oscillator, the basic principles of operation are the same as described 
in Q. 3.86(c) for a vacuum-tube Hartley oscillator. In addition, note 
that the amlpifier portion of Fig. 3.283 is identical (except for RT) 
with the common-emitter amplifier circuit shown in Fig. 3.189. 

An important feature of low-input resistance, transistor oscillators 1s 
that, to be self-starting, they must always operate with at least a small 
forward bias. If the transsistor initially was biased beyond collector- 
current cutoff (Class B or C), no current would be available to initially 
shock the tank circuit into oscillation. A transistor oscillator must have at 
least a small forward bias placing the quiescent operating point in the 
class AB region. After the oscillations build-up, the oscillation signal 
through base-to-emitter current may cause a class B or class C bias to 
build up in C,. This is the same principle as developing grid-leak bias 
in a vacuum tube (see Q. 3.86). 
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Q. 3.284 In the transistor, shunt-fed Hartley oscillator circuit 
shown in Fig. 3.283, what would be the effect on circuit operation 
of each of the following: 

(a) Shorted or open C,. 

(b) Shorted or open C,. 

(c) Shorted or open C,. 

(d) Shorted or open C1. 


A. (a) A shorted or open Cp would render the oscillator inoperative. 
(b) A shorted C, may make the oscillator unstable, and the collec- 
tor current would increase. An open C, would reduce the amplitude of 
oscillations, and in extreme cases, oscillations might cease. 
(c) A shorted or open C, would cause oscillations to cease. 
(d) A shorted or open Cl would cause oscillations to cease. 


D. (a) A shorted C, would ground the collector for d.c. through the 
lower portion of L1, preventing the transistor from operating. If Cy 
opens, the a-c feedback path to L1C1 would be open and oscillations 
would cease. If the transistor was initially biased near cutoff, the collector 
current will decrease. 

(b) A shorted C, will short out R,. The effect of R, as a swamp- 
ing resistor (see Q. 3.187) will be lost, which would tend to make 
the transistor characteristics unstable, with a possible resultant insta- 
bility of oscillations (amplitude and frequency). Also, the shorting of 
R, will increase the collector current. 

If C, opens, the a-c voltage appearing across R. will cause degenera- 
tion, which will reduce the amplitude of oscillations. If oscillation condi- 
tions were normally marginal, oscillations might stop. 

(c) A shorted C, would ground (for d.c.) the base through the 
upper half of L1. This would remove the forward bias and the oscillator 
could not be self-starting (see Q. 3.283). The collector current would 
go to 0. An open C, would disconnect the tank from the base and oscilla- 
tions would stop. 

(d) A shorted or open C1 would destroy the effectiveness of the 
tank circuit and cause oscillations to stop. If C1 opened, L1 would be 
resonated with the stray capacities across it, and the oscillator might - 
operate at a much higher frequency. This frequency would be unpre- 
dictable and generally of no practical value. 


Q. 3.285 In the transistor, shunt-fed Hartley oscillator circuit, 
shown in Fig. 3.283, what would be the effect on circuit operation 
of each of the following: 

(a) Open Rp. 

(b) Open Ry. 
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(c) Open R,. 
(d) Open R,. 
(e) Shorted or open LI. 


A. (a) An open Ry will not stop oscillations, but may affect oscilla- 
tor stability and will increase average collector current. 
(b) An open Ry will prevent oscillations from starting. There 
will be little or no collector current. 
(c) An open R, will stop oscillations. Collector current will be 0. 
(d) An open R, will stop oscillations. Collector current will be 0. 
(e) A shorted or open L1 will stop oscillations. Collector current 
will be reduced. 


D. (a) Ry and Ry, form a voltage divider to apply forward bias to 
the transistor base. If R, opens, the forward bias will increase, increasing 
the average collector current. This may cause overheating of the tran- 
sistor, some instability of transistor characteristics, and oscillator in- 
stability. 

(b) If Ry opens, forward-base bias will be lost, and collector cur- 
rent will fall to 0 (practically). Oscillations cannot start, since there will 
be no current impulse through the tank circuit when the oscillator is 
first turned on. 

(c) If Re opens, the emitter-collector current path is opened and 
no collector current can flow. Oscillation cannot occur since the tran- 
sistor is now inoperative. 

(d) If R, opens, collector voltage is lost and the circuit will be 
inoperative. 

(e) If L1 shorts or opens, there will be no tank circuit and oscil- 
lations will cease. Forward bias provided by R¢ and Ry will be present, 
resulting in a reduced value of collector current. 


Q. 3.286 In the transistor, Colpitts-type crystal oscillator shown 
in Fig. 3.286, what would be the effect of each of the following: 

(a) Shorted or open Cl. 

(b) Shorted or open C2. 

(c) Defective crystal. 


A. (a) A failure of C1 or C2 in either the open or shorted condition 
would prevent the oscillator from operating. 


(b) See Q. 3.281. 


D. The basic transistor circuit of Fig. 3.286 is very similar to that 
of Fig. 3.283 and the amplifier section operates in the same manner (see 
Q. 3.189). The major differences are: (1) in Fig. 3.286, the LC tank of 
Fig. 3.283 is replaced with a crystal, and (2) feedback is provided by 
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Fig. 3.286. Schematic of a transistorized, Colpitts crystal oscillator. 


a Colpitts arrangement. (For an explanation of the operation of a 
Colpitts oscillator, see Q. 3.86(d). See also Q. 3.86(c), and Q. 3.86(g). 
The equivalent circuit of a crystal is discussed in Q. 4.42.) 

A shorted or open Cl or C2 would prevent the feedback circuit from 
operating. Thus, oscillations could not be sustained. The effects of fail- 
ures of the remaining components are the same as those described in 
Q. 3.284 and Q. 3.285 for the corresponding parts. The methods used to 
detect oscillations are given in Q. 3.283. 


Q. 3.287 What conditions may cause weak output from a tran- 
sistor oscillator and how is the condition determined? 


A. Weak output may be caused by: 
(1) Weak transistor (low gain). 
(2) Defective crystal (if used). 
(3) Defective tank circuit (if used). 
(4) Leaky base coupling capacitor (if used). 
(5) Open emitter-resistor, by-pass capacitor. 
(6) Low supply voltage. 
(7) Leaky collector coupling capacitor. 
(8) Reduced feedback from any other cause. 

Output may be determined. by measuring the amplitude of oscillations 
at a convenient point, such as the base or collector. A vacuum-tube volt- 
meter (a-c) or oscilloscope may be used. The reading thus obtained can 
be compared with a reference value obtained during normal operation 
of this oscillator. 


D. See Q. 3.91, Q. 3.278, Q. 3.281 and Q. 3.282. 


All 


AMPLIFIERS 


Q. 3.288 In the triode-amplifier circuit shown in Fig. 3.288, 
what would be the effect of each of the following: 

(a) Shorted or open C,. 

(b) Shorted or open Cy. 

(c) Shorted or open Cy. 

(d) Shorted or open C,. 


A. (a) A shorted C, will probably distort the output signal and may 
also reduce amplifier output. An open C, will cause either a total loss of 
output signal or an output of higher frequency components only. 

(b) A shorted Cy will distort output and may result in excessive 
plate dissipation. An open C, will reduce the output amplitude, but will 
not cause distortion. 

(c) A shorted C; will result in a total loss of amplifier output and 
may burn out Ry. An open Cy may distort output and possibly cause low- 
frequency oscillation (motorboating). 

(d) A shorted C, will distort and reduce amplifier output and 
will also affect the following stage by shunting plate voltage to it. An 
open C, will result in no output or in an output of only the higher- 
frequency signal components. 


D. (a) If C, shorts, the driving circuitry will be connected directly 
to the grid of the amplifier tube. If the driver is another amplifier stage, 
the plate voltage of the driver will be applied to the grid of the amplifier 
tube. This will cause loading of the driver by the grid-to-cathode re- 
sistance. The normally extremely high input resistance will now become 
very low, because the positive-driver plate voltage applied to the grid 
will cause it to draw a substantial amount of current. Loading of the 
driver will greatly reduce and distort its output. The (now) positive 
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Fig. 3.288. Schematic of an RC coupled triode amplifier. 
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grid bias will drive the amplifier to saturation, and its output will be 
weak and highly distorted. 

If C, opens, there may be no output, or low output, from the amplifier, 
the exact effect depending upon the nature of the input signal. If the 
signal contains a wide band of frequencies, some of the higher frequency 
components may be coupled through the stray capacitance of C, (and 
other strays), but lower frequency components will not appear in the 
output. 7 

(b) If Cy shorts, the bias will go to 0 and the tube will saturat 
(plate current), causing a highly distorted output. The rated plate 
dissipation may be exceeded. 

If C, opens, degeneration will occur across the now unbypassed cath- 
ode resistor Ry. For an explanation of this effect, see Q. 3.100 and also 
Q. 4.26. The degeneration does not alter the d-c operating voltages, so 
any distortion present will be reduced, but output will be decreased. 

(c) If C¢ shorts, the tube will not receive plate voltage. This will 
disable the amplifier. The full B+ voltage will be applied across R and 
may burn out or severely overheat Ry. A severely overheated carbon 
composition resistor increases in value, sometimes drastically. 

If Cr, opens, it no longer places an r-f ground at the bottom of Ry, 
and the resistance of Ry is added to Ry, to form the total plate-load 
resistance. The amplifier load line (see Q. 3.57) will be lowered. Al- 
though the amplifier gain will increase, the output may be distorted 
since the grid can now only accept a lower input signal if distortion is 
to be avoided. In addition, the high frequency response of the amplifier 
will be reduced. Cy and Ry are required to decouple this amplifier stage 
from other stages. The loss of C¢ will remove this decoupling and may 
result in motorboating. (See Q. 3.102 for a discussion of this effect). 

(d) For the effects of a shorted or open Cy, see (a) above. 


Q. 3.289 In the triode amplifier circuit shown in Fig. 3.288, 
what would be the effect of each of the following: 

(a) Open R,. 

(b) Open R,. 

(c) Open Rx. 

(d) Open R;. 


A. (a) An open Rg will result in a distorted output, and hum or 
other pickup will appear in the output. 
(b) An open Ry will produce no amplifier output. 
(c) An open Ry will produce no amplifier output. 
(d) An open R; will produce no amplifier output. 


D. (a) If Rg opens, the grid loses its d-c ground return, leaving the 
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grid at an extremely high impedance level. The grid-to-cathode bias will 
revert to the space-charge potential value. In most cases, this bias is 
improper for amplifier operation and will result in a distorted output. 
Also, the high grid-circuit impedance will make is susceptible to electro- 
static pickup of hum or other extraneous voltages near the grid circuit. 

(b) If Rx, Rr, or Re opens, the d-c plate current circuit will be 
opened and the amplifier will be inoperative. 

(c) See Q. 3.50(a) for discussion of triode amplifier. See also 


Q. 3.46(b), Q. 3.47, and Q. 3.48. 


Q. 3.290 In the pentode amplifier shown in Fig. 3.290, discuss 
the effects of shorted and open component parts. 


A. Except for Cyg and Rgg, the effects of the components are as de- 
scribed in Q. 3.287 and Q. 3.288. 
(a) A shorted Cg will result in little or no amplifier output. An 
open Cg will result in a reduced amplifier output, without distortion. 
(b) An open Rgg will have the same effect as a shorted Cyg. 


D. (a) If Co, shorts, screen-grid voltage will be removed. In a pen- 
tode, plate current depends largely upon the screen grid potential. In this 
case, the screen grid will be grounded by the shorted C,g. This effectively 
shields the plate from the control grid and cathode, resulting in a greatly 
reduced plate current. As a result, there will be little or no amplifier 
output. 

If Cyg opens, screen-grid degeneration occurs across Reg. The effect 
is basically the same as with cathode degeneration (see Q. 3.100), but 
is considerably reduced because the screen grid is spaced relatively far 
from the control grid, compared to the cathode. The effect of screen-grid 
degeneration is only about 10 to 15 per cent as great as cathode degen- 
eration. ; 
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Fig. 3.290. Schematic of an RC coupled pentode amplifier. 
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(b) If Reg opens, the screen-grid voltage will be removed. The 
screen grid will acquire a negative space-charge potential, resulting in 
little or no plate current, and there will be little or no amplifier output. 


(c) For a discussion of pentode amplifier operation, see Q. 
2.50(b), Q. 3.46, Q. 3.47, and Q. 3.48. 


Q. 3.291 In the pentode, class C r-f amplifier shown in Fig. 
3.291, what would be the effect of each of the following: 

(a) Shorted or open Cl. 

(b) Shorted or open C,. 

(c) Shorted or open C,,. 

(d) Shorted or open C,. 

(e) Shorted or open C2. 


OUTPUT 


Fig. 3.291. Schematic of a pentode, class C r-f amplifier. 


A. (a) A shorted C1 would result in no amplifier output. Meter M1 
would read 0, while Meter M2 would read a high plate current. 

An open C1 would result in a greatly reduced amplifier output. Meter 
M1 would read a low value of grid current and Meter M2 would show 
increased plate current. 

(b) A shorted C, wll result in a reduced output, increased plate 
current, and reduced amplifier efficiency. Meter M1 will read 0, and 
Meter M2 will show increased plate current. 

An open C, will result in no amplifier output. Meter M1 will read 
0, and Meter M2 will show increased plate current. 

(c) A shorted Cyg will result in little or no amplifier output. 
Meter M1 will show a normal or slightly increased reading; Meter M2 
will read very low or 0. 

An open Cg will result in reduced amplifier output and a slight effi- 
ciency loss. M1 will read normally, but M2 will show an increased plate 
current. 
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(d) A shorted C, will result in no amplifier output. Meter M1 
will read normally, but Meter M2 will read off scale (high side) and may 
burn out. 

An open C, will result in no amplifier output. Meter M1 will read 
normally, but Meter M2 will show an appreciable increase in plate 
current. 

(e) A shorted or open C2 will result in a small output from the 
amplifier. Meter M1 will read normally, but Meter M2 will show an 
appreciable increase in plate current. 


D. (a) If Cl shorts, there will be no grid drive, and therefore no 
grid current and no output. Without grid-leak bias (see Q. 3.86 and 
Q. 4.46), the plate current rises substantially. A small-value resistor, 
R,, is in the cathode circuit to protect the tube against excessive plate 
dissipation (see Q. 3.121). However, Ry does not provide operating bias, 
since this is a class C amplifier and the normal operating bias is provided 
through grid current rectification. 

If Cl opens, the resonant circuit consisting of L1C1 is lost and the 
impedance of the input circuit is appreciably reduced. This reduces the 
grid signal and may also cause loading of the driver stage. The net result 
is reduced output, reduced grid current and increased plate current. The 
plate current increases because the negative portion of the r-f plate 
voltage swing does not go down as much as when full output is achieved. 
In class C operation, plate current is drawn only at this time, and since 
the instantaneous plate voltage is higher, the plate current will increase. 
(This effect is explained in Q. 3.52 (a) (Ays) 

(b) If C, shorts, grid-leak bias is lost and the only bias is the 
small amount developed across Ry. Because of the low bias, a high plate 
current is drawn and, although grid current is flowing, Meter M1 cannot 
read it, since it normally only reads the discharge current of C,. The 
output will be low and the efficiency very poor. 

If C. opens, L1C1 is disconnected from the grid circuit. There can 
be no output, and, of course, grid-leak bias is lost (see above). 

(c) For a discussion of the effects of a shorted or open Cag, see 
Q. 3.290 D.(a). 

(d) If C, shorts, the plate will be grounded (for d-c) through 
12 and there will be no output. There will be a low resistance path to 
ground through M2, RFC, shorted C,, and L2. A high current will flow 
through this path, which may damage M2 and possibly RFC. 

If C, opens, the plate-tank circuit L2C2 will be disconnected from 
the plate. There will be a low value of signal across the RFC, but this 
will not appear in the output. The input circuit will not be affected 
and M1 will read normally. However, because of the very low r-f plate 
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voltage swing, the average plate curtent will increase appreciably, as 
shown by M2. (See Q. 3.52(a) (4).) 

(e) If C2 shorts, the plate tank is shorted out and no amplifier 
output is possible. Since there is now no r-f plate voltage swing, a high 
B+ value is continuously applied to the plate, resulting in a high 
reading on M2. However, the input circuit is unaffected, and M1 will 
read normally. | 

If C2 opens, the a-c plate load will consist of the RFC in parallel 
with L2. While this combination offers some impedance, it is appreciably 
less than the resonant impedance of the plate tank circuit. Thus, a 
small output will appear and, since no tank is present, it will be very 
rich in harmonics, because of the class C operation of the tube. The 
input circuit is unaffected and Meter M1 will read normally. 


Q. 3.292 In the pentode, class C r-f amplifier shown in Fig. 
3.291 what would be the effect of each of the following: 

(a) Shorted or open LI. 

(b) Shorted or open L2. 

(c) Open R,. 

(d) Open Rx. 

(e) Open Rg. 

(f) Shorted or open RFC. 


A. (a) A shorted or an open L1 would result in no amplifier output. 
Meter M1 would read 0, and M2 would show a high plate current. 

(b) A shorted L2 would result in no amplifier output, and an 
open L2 would result in very low amplifier output. In both cases, Meter 
M1 would read normally, and M2 would show a high plate current. 

(c) An open Rg would result in a reduced amplifier output. If 
the input signal was suddenly reduced, there may be no amplifier output. 
Meter M1 would read 0. 

(d) An open Ry would result in no amplifier output. Both meters 
would read zero. 

(e) An open Reg would result in little or no amplifier output. 

(f) A shorted RFC would result in no amplifier output. Meter 
M1 would read normally, but M2 would show an increased plate 
current. 

An open RFC would result in no amplifier output. Meter M1 would 
read normally, but M2 would read zero The screen-grid would draw 
excessive current. 


D. (a) If L1 shorts, there can be no inductive coupling into the 
tank circuit. Also, the grid of the amplifier tube will be grounded for 
r-f. As a result, no grid signal appears at the grid; there is no amplifier 
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output. There is no grid current, and grid-leak bias cannot be developed. 
Because of the low bias across Rx, both the plate and screen-grid currents 
will be high. 

If L1 opens, there will be no inductive coupling into the tank circuit. 
The amplifier operation will be as described immediately above. 

(b) If L2 shorts, the amplifier plate will be at a-c ground poten- 
tial and no r-f signal can be developed at the plate; therefore, no output 
occurs. The average plate voltage will now be maximum, resulting in 
a high plate current. The input circuit is unaffected and Meter M1 will 
read normally. 

If L2 opens, the plate load will consist of the RFC in parallel with the 
series combination of C, and C2. This provides a relatively low im- 
pedance plate load for r-f, resulting in a very low amplifier output. 
Because of the low-amplitude plate r-f voltage present, plate current 
will be high. Again, the input circuit is unaffected and grid current 
remains normal. 

(c) If R, opens, C, will charge to the peak value of the r-f volt- 
age across the grid tank. The bias will be higher and the grid will not be 
driven (practically) into the positive conduction region, thus reducing 
amplifier output. Assuming no leakage in C, and a constant amplitude 
of input signal (all other parameters held constant), the amplifier will 
continue to operate with reduced output. However, if for any reason 
the grid drive were appreciably reduced, the high bias would remain 
across C, and no amplifier output would be present. Since the amplifier 
is cut off under these reduced grid-drive conditions, M2 would read 
zero, and there would be no screen-grid current. A lesser degree of re- 
duced drive would result in a low amplifier output, with low plate and 
screen-grid currents. In either case, because of the open Rg, M1 will 
read 0. 

(d) If Ry opens, the circuit will be opened for control grid, 
screen grid, and plate currents. Therefore, M1 and M2 will read 0, and 
the amplifier will be inoperative. 

(e) If Reg opens, screen-grid voltage will be removed from 
the amplifier, resulting in little or no output. (See discussion of Q. 
3.289 (b).) 

(f) If the RFC shorts, it will effectively (through C,) short out 
the plate tank. The plate circuit impedance will be practically 0. The 
d-c path to the plate will not be interrupted, but a high average plate 
voltage will be present for conduction because of the absence of an r-f 
plate swing. (See discussion of Q. 3.290(a).) Meter M2 will read high, 
and Meter M1 will read normally. 

If the RFC opens, the d-c plate current path is open and Meter M2 
will read 0. Because of the absence of plate voltage, electrons normally 
attracted to the plate will be repelled to the screen grid, resulting in 
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excessive screen current. This is frequently observed (glass tube) in the 
form of a red- or white-hot screen grid. If there is not sufficient screen- 
current limiting, the tube may be destroyed. 


Q. 3.293 In the pentode, class C r-f amplifier shown in Fig. 
3.291, discuss the effects of a loss of input-driving signal on am- 
plifier operation. 


A. Meter M1 would read zero and M2 would show a considerably 
increased plate current reading. There would be no amplifier output. 


D. The r-f driving signal normally would be provided by an oscillator 
or intermediate r-f amplifier. If the driving source failed, grid-leak bias 
would be lost. The only bias remaining would be the small safety 
bias developed across R,. As a result, the plate current would rise to a 
high value. 


Q. 3.294 In the class A, common-emitter amplifier shown in 
Fig. 3.294, what would be the effect of each of the following: 

(a) Shorted or open C,. 

(b) Shorted or open C,. 

(c) Shorted or open C,. 


A. (a) A shorted C, will probably produce distortion of the output 
signal and may also reduce output. An open C, will result either in a 
total loss of output signal or in an output of higher frequency compo- 
nents only. 

(b) A shorted C. may cause distortion in the output. An open 
C, will reduce the output amplitude, but no distortion will result. 

(c) A shorted or open C, will produce results similar to those 
described in (a) above. 


Co 


(——» ouTPuT 
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Fig. 3.294. Schematic of an RC coupled common-emitter amplifier. 
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D. (a) If Cz shorts, the circuitry of the driving source will be ap- 
plied directly to the transistor base. In most cases, this will change the 
forward bias on the transistor, which may distort the output signal. In 
addition, a C, short may cause loading of the driving stage, changing its 
operating characteristics as well. This may distort or reduce the output 
from the driver stage, which would be applied to the transistor stage 
in question. | 

If C, opens, there may be weak or no amplifier output, depending 
upon the nature of the signal applied to C.. If the signal contains a 
wide band of frequencies, some of the higher frequency components 
may be coupled through the stray capacitance of C, (and other strays). 
However, lower frequency components will not appear in the output. 

(b) If C. shorts, it will short out “swamping” resistor Re. (See 
Q. 3.187 and Q. 3.284 (b).) The loss of the emitter resistance and the 
emitter-to-base junction resistance changes with temperature will re- 
sult in base-to-emitter bias changes, which may distort the output. The 
gain will not change unless a radical change of bias results.. 

If C. opens, degeneration will occur due to the unbypassed resistor 
Re. This action is basically the same as that which occurs when a 
vacuum-tube cathode resistor is unbypassed. (See Q. 3.100 and Q. 4.26.) 
Since the d-c operating voltages remain, no distortion occurs (actually 
distortion decreases), but the degeneration results in a reduced output. 

(c) For the effects of a shorted or open Cy, see (a) above. 


Q. 3.295 In the class A, common-emitter amplifier shown in 
Fig. 3.294, what would be the effect of the following: 

(a) Open Ry. 

(b) Open Ry. 

(c) Open R,. 

(d) Open R,. 


A. (a) An open Ry will distort amplifier output and may reduce the 
gain. 
(b) An open Ry will result in severe distortion and reduced gain. 
(c) An open R, will result in no amplifier output. Collector cur- 
rent will be 0. 
(d) An open R, will result in no amplifier output. Collector cur- 
rent will be 0. 


D. (a) If Ry opens, the forward bias will increase substantially. (See 
Q. 3.284 and D. (a).) The quiescent transistor operating point will be 
shifted to a region of high collector current, resulting in a distorted 
output. Since the operating point may be on the upper curved 
portion of the transfer characteristic curve, the transistor gain will also 
be reduced. 
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(b) If Re opens, forward-base bias will go to 0. The quiescent 
operating point will be in the class B region and only (practically) 
the negative input half-cycles will be amplified, resulting in severe dis- 
tortion. Since the quiescent operating point is now on the lower curved 
portion of the transfer characteristic, the transistor gain will be reduced. 

(c) If Re opens, there can be no collector or base current and 
the amplifier will be inoperative. 

(d) If R, opens, collector voltage and current are lost, and there 
will be no amplifier output. 


Q. 3.296 In the class C, common-emitter r-f amplifier shown in 
Fig. 3.296, what would be the effect of each of the following: 

(a) Shorted or open C,. 

(b) Shorted or open C,. 

(c) Shorted or open Cl. 

(d) Shorted or open C2. 


A. (a) A shorted C, would result in reduced power output and 
reduced amplifier efficiency. An open C, would result in no amplifier 
output. Collector current would practically fall to zero. 

(b) A shorted C, would have practically no effect on amplifier 
output. An open C, would slightly decrease amplifier output. Operating 
conditions remain the same (practically). 

(c) A shorted Cl would result in no amplifier output. An open 
C1 would result in a small amplifier output. In both cases, collector 
current would increase appreciably. 

(d) A shorted C2 would result in no amplifier output; collector 
voltage and current go to zero. An open C2 would reduce r-f output; 
the d-c collector current would increase. 


D. (a) If C, shorts, the class C bias would be lost. C, in conjunction 


FROM R-F 
OSCILLATOR 


AMPLIFIER 


Fig. 3.296. Schematic of a transistor class C, 
common-emutter r-f amplifier. 
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with Ry provides this bias for the amplifier (Re has a negligible effect 
on bias, since it is a very low value, such as 20 to 50 ohms). 

For practical purposes, the emitter may be considered grounded, since 
R, is very small and C, grounds the emitter for r-f. When a negative- 
going signal is applied to the base, current passes through the base-to- 
emitter diode, through C., and through L1 (the generator), causing Ce 
to charge with the polarity shown in Fig. 3.296. This results in a positive 
bias being applied to the base. (See Q. 3.86 for a discussion of grid-leak 
bias.) In a PNP transistor, positive base bias cuts it off and the transistor 
operates as a class C amplifier. Thus, a short circuit of C, produces a 
loss of class C bias. Since there is no fixed-forward bias provided, the 
transistor will now operate with substantially 0 bias, and would oper- 
ate either class B or class AB. Since these classes are less efficient than 
class C, the power output would be reduced. (See Q. 3.59. The same 
basic principles apply to transistor operation. ) 

If C. opened, the r-f voltage across L1 would not be able to influence 
the transistor base. There would be no base drive; since no forward bias 
is provided, the collector current would fall to 0 (practically). 

(b) If C. shorted, it would short out the very low value of Re. 
(emitter swamping resistor). The effect on base-to-emitter or emitter- 
to collector currents would be negligible. However, the bias would be 
subjected to greater changes from temperature variations, which might 
shift the amplifier operating point. 

If C. opened, a minor amount of degeneration would occur across 
R,; the loss of output would be slight because of the low value of Re. 

(c) If C1 shorts, the collector would be grounded for r-f, and no 
amplifier output would result. Since there is no r-f swing on the col- 
lector (see Q. 3.59), the collector current will increase considerably. 

If Cl opens, the r-f collector load consists of only the impedance of 
L2. Since this is much smaller than the tank impedance, only a small 
output will result. Because of the small r-f collector swing, collector 
current will increase appreciably. (See also Q. 3.290 D.(e).) 

(d) If C2 shorts, the power supply is shorted out, the collector 
is grounded for a-c, and no output is possible. Damage to the power 
supply may result. 

If C2 opens, the r-f current-return path to the emitter would be 
through the power supply rather than through the very low impedance 
of C2. Since the power supply impedance to r-f is generally much higher 
than the impedance of C2, the r-f current through the tank would be 
considerably reduced, which may substantially reduce amplifier output. 
In addition, some of the r-f energy is dissipated in the power supply 
and lost as useful output. 
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Q. 3.297 In the class C, common-emitter r-f amplifier shown in 
Fig. 3.296, what would be the effect of each of the following? 

(a) Shorted or open LI. 

(b) Open Ry. 

(c) Open R,. 

(d) Shorted or open L2. 


A. (a) A shorted or open L1 would result in no amplifier output. 

The collector current would drop to 0 (practically). | 

(b) An open R, would result in reduced amplifier output. Col- 
lector current would increase. Amplifier bias would be unable to follow 
changes in the r-f input from the oscillator. 

(c) An open R, will result in no amplifier output. Collector cur- 
rent will be 0. 

(d) A shorted or open L2 would result in no amplifier output. 
Collector current would increase. 


D. (a) If L1 shorted or opened, there would be no inductively 
coupled signal fed to the transistor base. Class C bias is lost and since 
no fixed-forward bias is provided, the collector current would drop to 0 
(practically). 

(b) If Ry opens, C, would have no discharge path. It would 
charge to the peak value of the input signal and the transistor would 
not be driven as hard, somewhat reducing r-f input. Modulation dis- 
tortion may result if the output is sufficiently reduced. Without a dis- 
charge path, the bias could not follow input drive variations (See also 
Q. 3.291 D. (c) and Q. 3.298 D. (d).) 

(c) If Re opened, there could be no input or output transistor 
currents and, therefore, no amplifier output would be possible. 

(d) If L2 opened, the d-c collector current path would be open, 
resulting in a total loss of amplifier output. If L2 shorted, the collector 
would be at a-c ground potential (through shorted L2 and C2). No 
output signal would be developed. Because of the lack of r-f-swing at 
the collector, the average collector current will increase. 


Q. 3.298 In the class C, common-emitter r-f amplifier shown 
in Fig. 3.296, discuss the effects of a loss of input-driving signal on 
amplifier operation. 


A. If the driving signal were lost, collector current would go to 0 
(practically), and there would be no amplifier output. 


D. This operational condition is quite different from the situation 
where a vacuum tube is used. (See Q. 3.293.) In that case the loss of 
grid-leak bias resulted in high plate current. In the transistor circuit, 
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however, no fixed forward bias is provided, and when the driving signal 
is removed, the base-emitter bias becomes 0 and the collector current 
drops to 0 (practically). 


TRANSMITTERS 


Q. 3.299 An amplitude (plate) modulated transmitter is shown 
in Fig. 3.299. Describe the effects on transmitter operation of 
parts defect(s) in each stage. 


A. 1. The effect of defects of each part in the individual stages of 

the transmitter are given in the following questions: 

(a) TPTG Crystal Oscillator: Q. 3.279 through Q. 3.282 

(b) Class C r-f amplifier: Q. 3.291 and Q. 3.292 

(c) Modulator preamplifier: Q. 3.288 and Q. 3.289 

(d) Modulator stage: For the eflect of defects of Co, Cx, Csg, Rx, 
Rg, and Reg, see Q. 3.290. Except for the fact that Rg is a potentiometer 
and the plate load consists of a modulation transformer (T1), the mod- 
ulator stage is the same as the pentode amplifier shown in Fig. 3.290. 
Additional faults which may occur in the modulator stage are slider- 
contact defects of R, and open or short circuit conditions of T1. 

(1) R, contact defects (noisy potentiometer) may result in intermit- 
tent modulation of the r-f carrier or may introduce audio-frequency 
noise into the transmission. The function of Rg is to adjust the amount 
of audio drive applied to the grid of the modulator stage, and thus to 
regulate the percentage of modulation. 

(2) A shorted T1 primary will result in a loss of modulator stage 
output and thus a loss of modulation of the r-f carrier. However, this 
will zot affect the transmission of the r-f carrier. 

A shorted T1 secondary will produce the same effects as a shorted 
primary since the shorted secondary reflects a short into the transformer 
primary. There will be no audio voltage variation across the secondary 
and no modulation. : 

An open T1 primary would result in a loss of modulator stage output 
and a loss of r-f carrier modulation. The modulator-stage plate will be 
open circuited and can produce nd output. The r-f carrier output is 
unaffected. An opén T1 secondary w6uld result in a loss of modulation 
supplied to the r-f, class C amplifier. However, this is somewhat aca- 
demic since the B+ supply to the plate and screen grid of the r-f 
amplifier will be interrupted. This stage will now be completely inoper- 
ative, resulting in a total loss of r-f output from the transmitter. 


D. (a) For a discussion of plate modulation of a class, r-f amplifier, 
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see Q. 3.143. For a discussion of modulation problems, see Q. 3.147, 
Q. 3.148, Q. 3.149, Q. 4.54 (transmitter tuning), Q.4.58, Q. 4.85, and 
Q. 4.86. 

(b) A totally disabled crystal oscillator (or r-f amplifier) will 
result in no transmitter output. However a weak input into the r-f 
amplifier or a weak output from the amplifier will result in a weak 
modulated r-f wave (see Q. 3.147) and will cause “downward” modula- 
tion or negative carrier shift. 

(c) Defects either in the modulator preamplifier or the mod- 
ulator stage will in general produce: 

(1) No modulation, caused by a loss of output from either amplifier. 

(2) Overmodulation, caused by excessive output from the modulator. 
(For a discussion of the effects of overmodulation, see Q. 3.141. See 
also Q. 3.142 and Q. 4.58. 

(3) Undermodulation, the result of a weak (but undistorted ) audio 
being applied to the class C r-f amplifier. This does not produce any 
undesired sidebands in the output, but it does reduce the area consis- 
tently covered by the transmitter. (For a discussion of this effect, see 
Q. 3.149.) 

(4) A distorted audio-modulation output, causing a distorted audio 
at the receiving end and unwanted additional-sideband frequencies 
which may result in adjacent-channel interference. (See also Q. 3.139, 
Q. 3.140 and Q. 3.141.) Distortion of the audio output may cause 
negative-carrier shift (see Q. 3.147). 

(d) To achieve symmetrical amplitude modulation of an r-f car- 
rier wave, it is essential that the instantaneous amplitude of the r-f 
wave follows faithfully the instantaneous amplitude of the audio-mod- 
ulating voltage. Under 100 per cent modulation conditions, the instan- 
taneous positive peak of the r-f envelope should reach twice the 
amplitude of the unmodulated r-f carrier wave (see also Q. 3.142). If 
the r-f modulated wave goes to 0, but is not able to achieve twice the 
unmodulated wave amplitude, the modulation wave will be compressed 
on the positive peak. This distorts the audio component, resulting in 
the radiation of undesirable harmonic-sideband frequencies. A condition 
of “downward” modulation or negative carrier shift will be present 
(see Q. 3.147). Some conditions which may prevent the instantaneous 
r-f amplitude from achieving its required positive-peak value are as 
follows (class C amplifier considered) : 

(1) Insufficient grid excitation. 

(2) Insufficient bias. 

(3) Weak tube or excessive d-c input to the r-f amplifier (cannot 
attain desired maximum r-f output). 

(4) Improperly tuned, plate or grid circuits. 


A26 


(5) Excessive loading of plate-tank circuit. 
(6) Inadequate regulation of power supply. 
(7) Insufficient screen grid and/or plate modulation. 

(e) If a class C amplifier is modulated symmetrically, the plate- 
current reading will remain constant, with or without modulation. Any 
change of plate current when modulation is applied indicates a lack of 
modulation symmetry. | 


Q. 3.300 An amplitude (collector) modulated transmitter is 
shown in Fig. 3.300. Describe the effect(s) on transmitter opera- 
tion of parts defects in each stage. 


A. 1. Crystal Oscillator: For the effect of a defect on oscillator oper- 
ation, see Q. 3.284 and Q. 3.285; C., Ro, Re, Re. 

The effect of defects in the remaining parts follow. 

(a) Crystal defective: Oscillations cease. Collector current is 
reduced. | 

(b) C. shorted: Oscillations cease. Collector current drops to 0 
(practically). C. open: Little or no effect on oscillator operation. 

(c) Cp shorted or open: Oscillations cease. Collector current is 
reduced. 

(d) Ly shorted or open: Same as (c) above. 

2. Class C, R-F Amplifier: For the effect of defects in all the parts 
of this amplifier, see Q. 3.296, Q. 3.297. See also Q. 3.298 (loss of 
drive). 

3. Modulator Preamplifier: For the effect of defects in this amplifier, 
see Q. 3.294 and Q. 3.295. The only difference here is that R, is a 
potentiometer instead of a fixed resistor. As such, it is likely to become 
noisy or intermittent. The modulation will be affected in the same way. 
(See Q. 3.299 1.(d) (1).) 

4. Modulator Stage: For the effect of defects of Co (C.), Ce, Ro, Re 
and R. see Q. 3.294 and Q. 3.295. Except that the plate load of the 
modulator stage is a transformer (T1) instead of a resistor, this stage 
has the same basic configuration as Fig. 3.294. Also, the modulator 
stage would employ a power transistor to provide the modulating power 
for the class C, r-f amplifier. 

Additional problems in the modulator stage can be caused by a 
shorted or open modulation transformer (see Q. 3.299 1. (dy (292) 


D. Note the similarity of the vacuum-tube transmitter of Fig. 3.299 
(A) and the transistor transmitter of Fig. 3.300. The stages are 
basically the same and the tpye of modulation (plate) is the same. 
Each stage of the transistor transmitter performs the same function as 
its corresponding stage in the vacuum-tube transmitter. For problems 
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which might arise from an overall transmitter (including modulation ) 
point-of-view, see Q. 3.298. The basic principles apply equally well for 
a transistorized transmitter as for a vacuum-tube transmitter. 


TRANSISTOR TESTING 


Q. 3.301 Describe a simple method of testing transistors using 
an ohmmeter. 


A. The method of testing a transistor with an ohmmeter is described 
with the aid of Fig. 3.301. The two diodes (base-to-collector and base- 
to-emitter) are first tested individually and will respond to an ohmmeter 
test basically the same as any simple solid-state diode. If the diodes are 
good, there will be a high ratio between the forward and back resistance 
(100 to 1 or greater is common). Place the ohmmeter leads across the 
base-to-emitter diode (ignoring ohmmeter polarity) and record the 
reading. Next, reverse the ohmmeter leads and again note the reading. 
A ratio of less than 100 to 1 (approximately) probably indicates a 
leaky diode section. The same test should be made on the base-to- 


COLLECTOR COLLECTOR 
OHMMETER 
BASE BASE 
EMITTER EMITTER 
(a) PNP TRANSISTOR (b) REPRESENTATION OF TRANSISTOR 
DIODES (PNP) 
COLLECTOR COLLECTOR 
OHMMETER 
BASE BASE 
EMITTER EMITTER 
(c) NPN TRANSISTOR (d) REPRESENTATION OF TRANSISTOR 


DIODES (NPN) 
Fig. 3.301. PNP and NPN schematics and their diode equivalents. 
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collector diode. Again, if a low ratio exists, the transistor should be 
rejected. 

A short or leakage test should be made between the emitter and 
collector. Both readings should be quite high (may exceed several 
hundred thousand ohms), but one of the readings will be somewhat 
higher than the other. Note that with an emitter-to-collector short, the 
two diodes measured individually may seem perfectly normal. There- 
fore, the emitter-to-collector test is essential to determine the condition 
of the transistor. 


D. In making the above tests, the ohmmeter voltages and currents 
should not be excessive. This is not a problem when measuring power 
transistors, but low-power transistors may be damaged if proper pre- 
cautions are not taken. It is interesting to note that the output voltage 
of a typical d-c, vacuum-tube voltmeter (ohmmeter function) on the 
R xX 1 scale may be 1.5 volts and the available current 100 milli- 
amperes or more. On the R X 10,000 scale, the voltage drops to about 
0.2 volt and the available current to only 20 microamperes. A good rule 
to remember is to use only the high-resistance scales for low-power 
transistors. The low scales may be used for testing high-power tran- 
sistors. 

In testing transistor diodes (or other diodes), the ratio of forward- 
to-back resistance is more important than the actual readings. The 
forward resistance should always be low, usually not more than several 
hundred ohms. When diode resistance is measured and the ohmmeter 
scales are switched, different voltages and currents are applied to the 
diode. Thus, scale switching may result in appreciably different resist- 
ance readings on the same diode for a given polarity of the connections. 
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FCC-TYPE SAMPLE TEST FOR ELEMENT III 


IlI-1. A “difference of potential’ may also be described as: (Q. 3.01) 

(a) Electrical power. 

(b) Voltage. 

(c) Electron drift. 

(d) Amperage. 

(e) Conductance. 
IlI-2. An insulator, or non-conductor, is characterized by: (Q. 3.04) 

(a) A large number of free electrons. 

(b) Very few free electrons. 

(c) Lightly bound electrons in the outer ring of the atom. 

(d) High energy dissipation. 

(e) Large amount of skin effect. 
III-3. An ac series circuit is composed of a series resistance of 20 
ohms, an inductive reactance of 40 ohms, and a capacitive reactance of 
15 ohms. A current of 1 ampere is flowing. What is the applied 
voltage? [Q. 3.09(B) } 

(a) 320 volts. 

(b) 16 volts. 

(c) 28 volts. 

(d) 32 volts. 

(e) None of the above. 
III-4. A loudspeaker with a voice coil impedance of 6 ohms is fed 
from an emitter circuit with an impedance of 600 ohms. What is the 
turns ratio of a transformer which will match these two impedances? 
(Q. 3.13) 

(a) 10:1 

(b) 100:1 

Coje25e1 

(d) 1000:1 

(e)\ tel 
III-5. The ratio of the amount of magnetic flux linking a secondary 
coil, compared to the flux generated by the primary coil, is known as 
the: (Q. 3.27) 

(a) Coefficient of magnetic lines of force. 

(b) Coefficient of coupling. 

(c) Coefficient of magnetism. 

(d) The magnetic coefficient. 

(e) Coefficient of self-inductance. 
III-6. A filter which permits all frequencies above a predetermined 
cut-off frequency to be passed is called a: (Q. 3.36) 

(a) Constant-k filter. 

(b) M-derived filter. 
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(c) Band-stop filter. 

(d) Power-supply filter. 

(e) High-pass filter. 
III-7._ The grid, in a vacuum tube, which returns secondary electrons 
to the plate is the: (Q. 3.46 D) 

(a) Control grid. 

(b) Suppressor grid. 

(c) Screen grid. 

(d) Shield grid. 

(e) Beam grid. 
III-8. For a vacuum tube operating class C, the bias should be ap- 
proximately: (Q. 3.52) | 

(a) Cut-off bias. 

(b) 10 times, cut-off bias. 

(c) Twice, cut-off bias. 

(d) Four times, cut-off bias. 

(e) One-half cut-off bias. 
III-9. A triode, grounded cathode amplifier has a mu of 50, a plate 
impedance of 10,000 ohms, and a plate load impedance of 25,000 
ohms. What is the stage gain of this amplifier? (Q. 3.58) 

(a) 35.7 

(b) 45.7 

(c) 25.7 

(d) 53.7 

(e) None of the above. 
III-10. Two factors which limit the use of vacuum tubes at VHF and 
UHF frequencies are: (Q. 3.64) 

(a) Cathode emission and space charge. 

(b) Transit time and envelope size. 

(c) Transit time and interelectrode capacities. 

(d) Interelectrode capacities and shape of tube base. 

(e) Interelectrode capacities and plate voltage. 
III-11. A full-wave rectifier system operating from a line frequency 
of 60 hertz will have a ripple frequency of: (Q. 3.65) 

(a) 60 hertz. 

(b) 120 hertz. 

(c) 180 hertz. 

(d) 240 hertz. 

(e) 90 hertz. 
II]-12. If a power supply has poor voltage regulation, the effect will 
per (O17 3./2) 

(a) An increased voltage under load. 

(b) A constant voltage with varying loads. 

(c) Appreciably varying voltage under varying loads. 
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(d) A decrease in output current with increasing loads. 

(e) An increase in the ripple voltage with decreasing loads. 
III-13. In a D’Arsonval meter movement, damping of the meter 
motion is accomplished by: (Q. 3.79) 

(a) The two opposing springs. 

(b) The jeweled meter bearings. 

(c) Eddy currents in the permanent magnet. 

(d) Eddy currents in the movable coil frame. 

(e) Eddy current in the two springs. 
III-14. A wattmeter automatically compensates for: (Q. 3.79) 

(a) Overdamping. 

(b) Power factor. 

(c) Inductive reactance. 

(d) Line resistance. 

(e) None of the above. 
III-15. A 0-1 dc milliameter is converted to a dc voltmeter with a 
full-scale reading of 50 volts. What value of resistance must be con- 
nected in series with the meter? (Q. 3.81) 

(a) 50,000 ohms. 

(b) 500,000 ohms. 

(c) 5000 ohms. 

(d) 20,000 ohms. 

(e) 2000 ohms. 
III-16. A 1-milliampere meter with a resistance of 50 ohms is used 
to measure a current by shunting the meter with a 3 ohm resistor. The 
meter reads 0.5 milliampere on its original scale. What is the true value 
of the current being measured? (Q. 3.82) 

(a)! 2.9 mA. 

(b) 29 mA. 

(c) 8.8 mA. 

(d) 0.88 mA. 

(e) 88.0 mA. 
III-17. Rms voltage is related to peak voltage by the decimal: (Q. 
3.84) 

(a) 0.707 

(b) 0.0707 

(c) 0.636 

(d) 0.9 

(e) 0.7376 
III-18. In the usual test oscilloscope, vertical deflection takes place 
by virtue of: (Q. 3.85) 

(a) Electromagnetic deflection. 

(b) The internally generated sawtooth wave. 
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(c) A 60-hertz sine wave obtained from the line voltage. 

(d) The input signal being measured. 

(e) The Lissajou effect. 

III-19. In a Hartley-type oscillator, feedback is obtained by the use 
of: (Q. 3.86) 

(a) A tapped capacitive circuit. 

(b) A tapped resistive circuit. 

(c) A tapped inductive circuit. 

(d) Plate-to-grid feedback. 

(e) Bridge-type feedback. 

III-20. A Pierce oscillator operates in a manner similar to a: (Q. 
3.86) 

(a) Electron coupled oscillator. 

(b) Transitron oscillator. 

(c) Colpitts oscillator. 

(d) Tuned-grid, tuned-plate oscillator. 

(e) Armstrong oscillator. 

III-21. In a multivibrator oscillator, the main frequency determining 
elements are: (Q. 3.86) 

(a) The tubes or transistors. 

(b) The RC coupling elements. 

(c) The supply voltage and plate resistors. 

(d) The plate and grid resistors. 

(e) The plate resistors and the coupling capacitors. 

III-22. The improved frequency stability gained by using a crystal 
in an oscillator is obtained because: (Q. 3.87) 

(a) The crystal has a high positive temperature coefficient. 

(b) The crystal has a high negative temperature coefhcient. 

(c) The crystal feedback must be strictly limited. 

(d) The crystal has a very high Q. 

(e) The crystal has a very low Q. ; 
III-23. The major purpose of using a buffer amplifier in a transmitter 
is: (Q. 3.98) 

(a) To provide a high order of RF amplification. 

(b) To provide a low order of RF amplification. 

(c) To isolate the final RF amplifier from the intermediate power 

RF amplifier. 

(d) To act as a frequency multiplier. 

(e) None of the above. 
III-24. An overtone crystal is one which is specially ground to op- 
erate: (Q. 3.95) 

(a) In a high power circuit. 

(b) In an exceptionally high-stability circuit. 
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(c) In an audio oscillator, for precision measurements. 

(d) At an odd harmonic of its fundamental. 

(e) At an even harmonic of its fundamental. 
III-25. In multistage audio amplifiers, decoupling networks are used : 
(Q. 3.102) 

(a) To increase the overall gain. 

(b) To provide negative feedback. 

(c) To prevent audio oscillations. 

(d) To prevent RF oscillations. 

(e) To increase the high-frequency response. 
II1.26. If the cathode bypass capacitor in an audio amplifier had a 
value considerably smaller than normally required, the effect would 
be: (Q. 3.100) 

(a) Increased gain at low frequencies only. 

(b) Decreased gain at low frequencies only. 

(c) Audio oscillations. 

(d) Decreased gain at high frequencies only. 

(e) Motorboating. 
IlI-27. The effect of saturation of an audio output transformer on 
the audio output would be: (Q. 3.103) 

(a) No effect. 

(b) Transformer would burn out. 

(c) Transformer core would be permanently magnetized. 

(d) A reduction of audio distortion. 

(e) Severe audio distortion. 
III-28. In true class A operation, the output waveform is: (Q. 3.52) 

(a) A perfect reproduction of the input waveform. 

(b) Always a perfect reproduction of 180 degrees of the input 

waveform. 

(c) Always inverted by 180 degrees. 

(d) Always transformer coupled. 

(e) Always RC coupled. 
III-29. In aclass A, push-pull, audio power amplifier, the power out- 
put is: [Q. 3.110(f) } 

(a) Four times the power output of one tube. 

(b) The same as the power output for one tube. 

(c) Twice the power output for one tube. 

(d) Two and one-half times the power output for one tube. 

(e) None of the above. 
III-30. A carbon microphone has the disadvantage that it: (Q. 3.116) 

(a) Has too high sensitivity. 

(b) Has an excessive high-frequency response. 

(c) Cannot be used in mobile equipment. 
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(d) Has a relatively poor frequency response. 

(ce) Does not use a power supply. 
III-31. Fig. III-31 shows the schematic of a low-power r-f amplifier 
with an incomplete cathode circuit. The only bias desired is grid-leak 
bias. The cathode should be connected: (Q. 3.86) 


OB+ 


Hs 


3 
¢ OUTPUT 


M, 


Incomplete schematic diagram of a low-power, r-f amplifier. 


(a) To the grid. 

(b) To ground. 

(c) Toa source of negative voltage. 

(d) To the B+ supply. 

(e) None of the above. 
III-32. In Fig. III-31, assuming the cathode circuit to be properly 
connected, a complete loss of input signal would cause: (Q. 3.298) 

(a) An increase of grid-leak bias. 

(b) A decreased reading on meter M1. 

(c) No change in plate or grid currents. 

(d) A change of grid current only. 

(e) None of the above. 
III-33. An r-f voltage amplifier, as opposed to an r-f power amplifier, 
usually employs: (Q. 3.122) 

(a) Class C bias. 

(b) Class A bias. 

(c) Cut-off bias. 

(d) Saturation bias. 

(e) Zero bias. 
III-34. Grounded-grid amplifiers are sometimes used at very high 
r-f frequencies because: (Q. 3.124) 

(a) Of the low bias required. 

(b) They employ positive feedback. 

(c) They usually require neutralization. 

(d) Of the relatively high, plate-to-cathode capacitance. 

(e) They usually do not require neutralization. 
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III-35. Conventional triode r-f amplifiers frequently require neutrali- 
zation because of: (Q. 3.125) 
(a) Cathode-to-grid feedback. 
(b) Out-of-phase, plate-to-grid feedback. 
(c) In-phase, plate-to-grid feedback. 
(d) Their high values of g,n. 
(e) The low value of plate-to-grid capacitance. 
III-36. In a single tube, frequency multiplier, the output may consist 
of: (Q. 3.131) 
(a) Either odd or even harmonics. 
(b) Only odd harmonics. 
(c) Only even harmonics. 
(d) Only double the input frequency. 
(e) Only triple the input frequency. 
III-37. A Faraday screen in a transmitter is used for: (Q. 3.137) 
(a) Cooling of the power tubes. 
(b) Reduction of transmitted harmonics. 
(c) Increasing the output power. 
(d) Reducing the output power. 
(e) Improving the output waveform. 
III-38. Link coupling has attenuating properties for harmonic fre- 
quencies because of: (Q. 3.134) 
(a) The use of physically large coupling coils. 
(b) The large amount of capacity coupling. 
(c) The large amount of inductive coupling. 
(d) The small capacitive coupling between the link coils and the 
resonant circuits. 
(e) The small amount of inductive coupling. 
III-39. Transmitter intermodulation may occur if: (Q. 3.135) 
(a) A particular transmitter has any of its stages operating above 
its rated power. 
(b) Parasitic oscillations are occurring in any stage. 
(c) The transmitter antenna is picking up energy from a second 
transmitter close by. 
(d) The transmitting antenna is picking up entrgy from a second, 
very distant, transmitter. 
(e) The transmitting antenna is not correctly matched to the final 
stage of the transmitter. 
III-40. The following is considered a spurious emission from a trans- 
mitter: (Q. 3.136) 
(a) Oscillation from an improperly neutralized r-f amplifier. 
(b) Radiation from the basic transmitter power supply. 
(c) Radiation from a directional antenna. 
(d) Oscillation of the normal transmitter oscillator. 
(e) Oscillation from the modulator. 
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Il]-41. High or erratic plate or grid current readings in an r-f ampli- 
fier may be caused by: (Q. 3.126) 
(a) A shorted power supply. 
(b) The use of a dynamotor. 
(c) Run-down batteries. 
(d) Excessive grid bias. 
(e) Parasitic oscillations. 
IlI-42. Harmonic frequency transfer in the antenna coupling circuit 
of a transmitter may occur by: (Q. 3.137) 
(a) Means of inductive coupling of the coils. 
(b) Capacitive coupling between coils. 
(c) Passing through the low-pass filter. 
(d) Passing through the pi network between the final stage and the 
transmission line. 
(e) Means of the capacitor between the output stage and the trans- 
mission line. 
III-43. In amplitude modulation, the sideband frequencies consist of: 
(O73:139) 
(a) The carrier frequency and the modulation frequency. 
(b) The heterodyne frequency resulting from the sum of the upper 
- sideband frequency and the lower sideband frequency. 
(c) The sum and difference frequencies between the carrier and the 
modulation frequencies. 
(d) The sum and difference frequencies between the single side- 
band frequencies and the modulation frequency. 
(e) The modulation frequency, plus and minus the upper and 
lower sideband frequencies. 
IlI-44. Given a carrier frequency of 1000 kHz and a modulating fre- 
quency of 1000 hertz, the total bandwidth of emission is: (Q 3.140) 
(a) 2000 hertz. 
(b) 1000 hertz. 
(c) 20,000 hertz. 
(d) 10,000 hertz. 
e) 900 kHz. 
Ill-45. Given an amplitude-modulated wave with a peak-to-peak 
amplitude (Emax) of 200 volts, a minimum modulated amplitude of 
100 volts (Ein) and an unmodulated carrier amplitude of 150 volts, 
the percentage of modulation is: (Q. 3.142) 
(a) 25 
(b) 100 
eg ras 
(d) 50 
(e) None of the above. 
IlI-46. A linear class B r-f power amplifier normally operates with a 
bias approximately equal to: (Q. 3.144) 
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(a) Projected cut-off. 
(b) Twice cut-off. 
(c) Ten times cut-off. 
(d) 50% of cut-off value. 
(e) The class A bias value. 
III-47. The sensitivity of a receiver is an important quality because it: 
(Q. 3.161) 
(a) Defines the usable receiver bandwidth. 
(b) Defines the receiver's ability to discriminate against image fre- 
quencies. 
(c) Defines the receiver's ability to discriminate against adjacent- 
channel interference. 
(d) Defines the receiver's ability to respond efficiently to a weak 
signal input. 
e) Defines the i-f bandwidth of the receiver. 
III-48. A receiver is tuned to an incoming frequency of 800 kHz. Its 
oscillator frequency is 1255 kHz and its intermediate frequency is 455 
kHz. The image frequency is: (Q. 3.156) 
(a) 1710 kHz. 
(b) 2615 kHz. 
(c) 345 kHz. 
(d) 455 kHz. 
(e) 910 kHz. 
III-49. In a capacitive type, reactance-tube modulator, connected 
across an oscillator tuned circuit, a more negative voltage on the grid 
of the reactance tube will cause: (Q. 3.162) 
(a) An increase of the oscillator frequency. 
(b) A decrease of the oscillator frequency. 
(c) An increase of the reactance-tube capacitance. 
(d) A decrease of the effective capacitive reactance of the reactance 
tube. 
(e) An increase of the reactance tube, ac plate current. 
III-50. In the process of pre-emphasis: (Q. 3.163) 
(a) The higher frequencies are overemphasized after detection at 
the receiver. 
(b) The lower frequencies are overemphasized at the transmitter, be- 
fore modulation. 
(c) The higher frequencies are overemphasized at the transmitter, 
before modulation. 
(d) The higher frequencies are attenuated at the transmitter, before 
modulation. 
(e) The higher frequencies are caused to be at the same amplitude 
as the lower frequencies, before modulation. 
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IlI-51. If an FM deviation meter was coupled to the output of a 
phase-modulated transmitter: (Q. 3.167) 
(a) It would show no indication at all. 
(b) It would show an indication proportional to the amplitude and 
frequency of the modulation. 
(c) It would read exactly the same, as if the transmitter were 
frequency modulated. 
(d) It would show a reading proportional only to the amplitude of 
the modulation. 
(e) It would show a reading proportional only to the frequency of 
the modulation. 
III-52. In a narrow-band FM system the deviation ratio is commonly 
one and the highest audio frequency is generally limited to: (Q. 3.169) 
(a) 15,000 hertz. 
(b) 300 hertz. 
(c) 10,000 hertz. 
(d) 7500 hertz. 
(e) 3000 hertz. 
111-53. In an FM ratio detector, the output audio signal is propor- 
tional only to the: (Q. 3.178) 
(a) Amplitude of the input i-f voltages. 
(b) Amplitude of the audio modulation signals. 
(c) Ratio of the input i-f voltages to the diodes. 
(d) Ratio of the input audio voltages. 
(e) None of the above. 
II-54. Fig. III-54 is an incomplete schematic diagram of an FM 
limiter stage. In order to make this circuit operate properly, it 1s neces- 


sary to: (Q. 3.177) 
; DISCRIMINATOR 


Incomplete schematic diagram of an FM limiter stage. 


(a) Connect the suppressor grid to a low value of B+. 
(b) Only ground the cathode. 
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(c) Connect the screen grid and plate to separate sources of B+. 

(d) Short across the capacitor in series with the grid. 

(e) Ground the cathode and connect a resistor from grid to ground. 
III-55. Acertain transmitter has an assigned frequency of 100.00 MHz 
and a required tolerance of 0.0005 percent. The maximum and mini- 
mum allowed frequencies are: (Q. 3.176) 

(a) 100,005,000 and 99,995,000 hertz. 

(b) 100,000,500 and 99,999,500 hertz. 

(c) 100,050,000 and 99,995,000 hertz. 

(d) 100,000,500 and 99,999,950 hertz. 

(e) None of the above. 

III-56. The circuit of Fig. III-54 is able to operate as a limiter by 
virtue of its: (Q. 3.177) 

(a) Grid-leak bias and low plate and screen grid voltages. 

(b) Remote cut-off characteristics. 

(c) Grid-leak bias and high values of plate and screen grid voltages. 

(d) Low impedance plate circuit. 

(e) Grounded condition of the supressor grid. 

III-57. In a PNP, common-emitter transistor amplifier, the normal op- 
erating voltages are as follows: (Q. 3.184) 

(a) Negative at the emitter and negative at the collector. 

(b) Positive at the base and negative at the coHector. 

(c) Negative at the base and negative at the collector. 

(d) Positive at the base and positive at the collector. 

(e) Positive at the emitter and positive at the collector. 

III-58. The alpha cut-off frequency of a transistor is defined as: 
(Q. 3.188) 

(a) The low frequency at which the gain drops by 3 dB. - 

(b) The high frequency of a compensated amplifier at which the 

gain rises by 3 dB. 

(c) The low frequency of a compensated amplifier at which the 

gain rises by 3 dB. 

(d) The high frequency at which the current gain drops by 3 dB. 

(e) The high frequency at which the current gain becomes unity. 
III-59. Referring to the schematic diagram of Fig. 3.187(a) of the 
text, the purpose of R3 is: (Q. 3.187) 

(a) To help compensate for emitter-to-base junction resistance 

changes with temperature. 

(b) To compensate for emitter-to-collector junction resistance 

changes with temperature. 

(c) To provide the forward bias for the transistor. 

(d) To increase the overall gain of the amplifier. 

(e) To provide reverse bias for the collector. 

III-60. The transistor, common-base amplifier is similar to the vacuum 


tube: [Q. 3.192(J) } 
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(a) Cathode-follower amplifier. 

(b) Video amplifier. 

(c) Grounded-grid amplifier. 

{d) Grounded-cathode amplifier. 

(e) Audio amplifier. 
III-61. In comparing the common-collector transistor amplifier with 
the common-emitter amplifier, it is found that: [Q. 3.192(K) ] 

(a) The common-emitter amplifier has lower voltage gain. 

(b) The common-collector amplifier has lower power gain. 

(c) The common-collector amplifier has a current gain of unity. 

(d) The common-emitter amplifier has a lower output resistance. 

(e) The common-collector amplifier has a signal inversion. 
III-62. In a common-emitter transistor amplifier, a change in the 
base voltage-of 0.02 volt produces a collector voltage change of 10 
volts. The voltage gain of this amplifier (A,) is: [Q. 3.192(L) ] 

(a) 50 

(b) 200 

(c) 500 

(d) 50 

(e) 20 
III-63. In Fig. III-63, the base current is approximately: [Q. 
3.192(M) } 


Common-emitter amplifier connected for “fixed” bias. 


(a) 12 pA. 
(b) 120 pA. 
(c) 0.0833 mA. 
(d) 83.8 pA. 
(e) 120 mA. 
III-64. In a half-wave antenna, the center impedance is: (Q. 3.193) 
(a) 2500 ohms. 
(b) 73 ohms. 
(c) 730 ohms. 
(d) 250 ohms. 
(e) 3614 ohms. 
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III-65. In the case of a Marconi antenna, the actual length of the 
radiating element is: (Q. 3.193) 
(a) One-quarter wavelength. 
(b) One-half wavelength. 
(c) Three-quarter wavelength. 
(d) One wavelength. 
(e) One-eighth wavelength. 
IJI-66. In a horizontal-dipole antenna, the polarization is: (Q. 3. 203) 
(a) The same as the polarization of the magnetic field. 
(b) In the vertical direction. 
(c) In the horizontal direction. 
(d) Circular. 
(e) Measured at the center of the antenna. 
III-67. If a sky wave meets a ground wave at a receiver and they are 
appreciably out of phase, this may cause: (Q. 3.201) 
(a) Distortion of the modulation. 
(b) Increased amplitude of the modulation. 
(c) Increased amplitude of the received signal. 
(d) Fading. 
(e) Overloading of the r-f stage. 
III-68. The velocity of propagation of radio waves in free space is: 
(Q. 3.208) 
(a) 300,000,000 miles per second. 
(b) 300,000 meters per second. 
(c) 300,000,000 meters per second. 
(d) 300,000,000 yards per second. 
(€) 300,000,000,000 meters per second. 
III-69. In a directional antenna employing both a director and a re- 
flector: (Q. 3.210) 
(a) The reflector is placed in front and the director at the rear of 
the antenna. 
(b) Both of these elements are placed in front of the antenna. 
(c) Both of these elements are placed at the rear of the antenna. 
(d) The director is placed in front and the reflector at the rear of 
the antenna. 
(e) The driven element is placed at the rear of these other two 
elements. 
III-70. If a transmission line is terminated in a resistance equal to its 
characteristic impedance: (Q. 3.213) 
(a) The line loss will be maximum. 
(b) The standing-wave ratio will be maximum. 
(c) The standing-wave ratio will be minimum. 
(d) The input impedance will be twice the terminating resistance. 
(e) None of the above. 
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III-71. Standing waves on a transmission line: (Q. 3.216) 

(a) Increase the power fed to the antenna. 

(b) Result in a cooler operating line. 

(c) Decrease the power fed to the antenna. 

(d) Appear only with coaxial lines. 

(e) Prevent arcing along the line. 
III-72. Some types of coaxial cables are filled with an inert gas, 
under pressure. The advantage of this is: (Q. 3.218) 

(a) To increase the velocity of propagation. 

(b) To prevent increased losses in the line. 

(c) To reduce the internal breakdown voltage rating. 

(d) To increase the characteristic impedance. 

(e) To be able to use smaller diameter lines. 
IlI-73. A grid-dip meter can be used to: (Q. 3.129) 

(a) Measure the input-grid impedance of a tube. 

(b) Measure the grid voltage of a vacuum-tube stage. 

(c) Measure the amplitude of grid-circuit oscillations. 

(d) Measure the gain of a vacuum-tube amplifier stage. 

(e) Measure the resonant frequency of a tuned circuit. 
III-74. The indication on an FM deviation meter is proportional to: 
(Q. 3.223) 

(a) The peak amplitude of the a-f modulation. 

(b) The RMS amplitude of the a-f modulation. 

(c) The peak amplitude of the r-f wave. 

(d) The frequency of the audio modulation. 

(e) The instantaneous phase of the r-f wave. 
IlIl-75. Transmitter harmonics must be attenuated because: (Q. 3.225) 

(a) They travel a shorter distance than the fundamental. 

(b) They increase the power of the fundamental. 

(c) They cause parasitic oscillations. 

(d) They interfere with neutralization of r-f stages. 

(e) They may cause interference with other stations. 
IlI-76. In calibrating a secondary frequency standard against WWV, 
you should: (Q. 3.221) 

(a) Be sure that the WWV transmission is being modulated. 

(b) Zero beat a harmonic of the standard against WWV. 

(c) Operate all equipment for a period of one minute to ensure 

stability. 

(d) Modulate the standard. 

(e) Connect a heterodyne frequency meter to the standard. 
III-77. The operation of an absorption wavemeter depends primarily 
upon: (Q. 3.220) 

(a) A calibrated oscillator and a meter. 

(b) A calibrated, variable inductor. 
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(c) A calibrated, tuned circuit and a vacuum-tube voltmeter. 

(d) A calibrated, vacuum-tube voltmeter. 

(e) The beat between two radio frequencies. 
IlI-78. Fig. 3.222 of the text shows a block diagram of a typical 
heterodyne-frequency meter. The function of the 1.0-MHz crystal 
oscillator is: (Q. 3.222) 

(a) To be zero beat against the unknown r-f input signal. 

(b) To verify the calibration of the variable-frequency oscillator. 

(c) To check harmonics of the 400 hertz oscillator. 

(d) To provide a harmonic which will beat against the unknown 

r-f input signal. 

(e) None of the above. 
III-79. A primary advantage of a secondary cell as opposed to a 
primary cell is that a secondary cell: (Q. 3.226) 

(a) Has a higher temperature of operation. 

(b) Has a lower terminal voltage. 

(c) Can be recharged. 

(d) Has a paste-type of electrolyte. 

(e) Is sealed against the entrance of air. 
III-80. The approximate, fully charged voltage of a lead-acid cell 
is: (Q. 3.232) 

(a) 2.1 volts. 

(b) 1.2 volts. 

(c) 1.5 volts. 

(d) 1.6 volts. 

(e) 6.0 volts. 
III-81. A certain battery has a capacity of 160 ampere-hours. If this 
battery is discharged continuously for 16 hours, the maximum dis- 
charge current is: (Q. 3.232) 

(a) 16 amperes. 

(b) 1.6 amperes. 

(c) 10 amperes. 

(d) 1 ampere. 

(e) 10.6 amperes. 
III-82. The chemical composition of the electrolyte of a lead-acid 
storage cell is: (Q. 3.227) 

(a) Lead-sulphate acid. 

(b) Hydrochloric acid. 

(c) Ammonium hydroxide acid. 

(d) Sulphuric acid. 

(e) Sulphur dioxide acid. 
IlI-83. The specific gravity of a fully charged, lead-acid storage cell 
is: (Q. 3.227) 

(a) 3.100 

(b) 1.300 
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(c) 13.000 

(d) 1.150 

(e) 0.1300 
IlI-84. Under very low temperature conditions, a lead-acid battery: 
(Q. 3.228) 

(a) Will always freeze. 

(b) Will have an increased capacity. 

(c) Will discharge gases. 

(d) Will have a decreased capacity. 

(e) Should have a small quantity of anti-freeze mixed with the 

electrolyte. 

III-85. Excessive sparking at the brushes of a d-c motor may be 
caused by (Q. 3.239) 

(a) A short circuit in an armature coil. 

(b) An open circuit in the field coil. 

(c) Excessive spring tension on brushes. 

(d) Brushes too long. 

(e) Insufficient load on motor. 
III-86. A d-c, shunt-wound motor has its field opened while it 1s 
running without a load. The motor will probably: (Q. 3.245) 

(a) Stop running. 

(b) Keep running at the same speed. 

(c) Have a very high value of field current. 

(d) Have a very low value of armature current. 

(e) Develop a very high value of armature current. 
III-87. When cleaning the commutator of a motor or generator use: 
(Q. 3.244) 

(a) Very fine emery cloth. 

(b) A bias-cut file. 

(c) Commutator polishing paste. 

(d) Low-lead gasoline. 

(e) Dry cleaning fluid. ? 
III-88. The purpose of a commutator on a d-c motor is: (Q. 3.242) 

(a) To maintain an alternating current in the armature. 

(b) To maintain a direct current in the armature. 

(c) To rectify the field current. 

(d) To reduce radio frequency interference. 

(e) To reduce brush sparking. 
III-89. The speed of a d-c series motor is mostly determined by: 
(Q. 3.237) 

(a) The field current. 

(b) The load. 

(c) The armature current. 

(d) The brush tension. 

(e) The number of pairs of poles. 
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IlI-90. To find the true power of a circuit, multiply the apparent 
power (E X I), by: (Q. 3.235) 

(a) The tangent of the phase angle. 

(b) The sine of the phase angle. 

(c) E/I 

(d) IXR. 

(e) The cosine of the phase angle. 
111-91, The resonant frequency of a cavity resonator depends upon: 
(Q) 3.251) 

(a) The excitation device dimensions. 

(b) The mode of operation. 

(c) Its physical dimensions. 

(d) Its electrical dimensions. 

(e) The capacitor which tunes it. 
III-92. The main frequency determining element of a klystron is: 
(Q. 3.251) 

(a) The repeller voltage. 

(b) The accelerating voltage. 

(c) Its mode of operation. 

(d) Its resonant cavity. 

(e) The inductance of the output probe. 
III-93. Waveguides are not used extensively below about: (Q. 3.249) 

(a2) 3000 MHz. 

(b) 300 MHz. 

(c) 30,000 MHz. 

(d) 1000 MHz. 

(e) 750 MHz. 
III-94. A magnetron is operated at a duty cycle of .001. It has a 
peak power output of 100 kilowatts. Its average power is: (Q. 3.248) 

(a) 1000 watts. 

(b) 1,000,000 watts. 

(c) 100 watts. 

(d) 10,000 watts. 

(e) None of the above. 
III-95. A traveling-wave tube is used at frequencies in the order of: 
(Q. 3.247) 

(a) 8000 MHz. 

(b) 30 MHz. 

(c) 300 MHz. 

(d) 100 MHz. 

(e) 500 MHz. 
III-96. The symbol for amplitude modulation, telephony, with double- 
sideband transmission is: (Q. 3.255) 

(a) P3D. 

(b) A3A. 

(c) A3. 
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(d) A3B. 

(e) ASC. 
III-97. The frequency range designated by the abbreviation HF is: 
(Q. 3.254) 

(a) 3 to 30 MHz. 

(b) 30 to 300 MHz. 

(c) .3 to 30 GHz. 

(d) 30 to 300 GHz. 

(e) 3 to 30 kHz. 
III-98. Figure III-98 is a schematic diagram of a transistor Colpitts 
crystal oscillator. If the resistor Ry» were to become open, the effect 


would be: (Q. 3.286) 
(7 
Sc aes & 


CRYSTAL CL] 


A transistor, Colpitts crystal oscillator. 


(a) The amplitude of oscillations would increase. 

(b) The amplitude of oscillations would drop slightly. 

(c) The collector current will become excessive. 

(d) The oscillations would cease. 

(ce) The forward-base bias would increase. 
III-99. Refer to Fig. 3.279 of the text. If capacitor C2 opened, the 
effect would be: (Q. 3.279) 

(a) Amplitude of oscillations would increase. 

(b) Meter M2 reading would increase. 

(c) Meter M2 reading would decrease. 

(d) Meter M1 reading would increase. 

(e) Meter M1 reading would decrease, but would still register ap- 

preciable current. 

III]-100. Refer to Fig. 3.288 of the text. An open C, would result in: 
(Q. 3.288) 

(a) Increased gain of the amplifier. 

(b) Increased distortion. 

(c) Decreased gain and decreased distortion. 

(d) Excessive plate current. 

(e) Decreased low- and high-frequency response. 
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PART I: TECHNICAL 


Q. 4.01. Show by a simple graph what is meant by: “the current in 
a circuit leads the voltage.” What would cause this? 


A. For the graph, see Fig. 4.01. This condition is caused by the 
current flowing in a purely capacitive circuit, causing the current to 
lead the voltage by 90 degrees. 


ONE | 

| WAVELENGTH L. 
>1 “(ALSO ONE 
CYCLE) 


I 
| 
| 
| 
| 
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Fig. 4.01. Simple graph showing the current in a circutt, leading 
the voltage by 90 degrees. 


D. The condition shown in the accompanying figure can only exist 
in a purely capacitive circuit (no resistance). As the amount of resis- 
tance in series with the capacitor is increased, the amount of current-lead 
angle decreases and becomes zero when the resistance is infinite. (Prac- 
tically speaking, this occurs when the resistance exceeds ten times the 
capacitive reactance.) When the resistance and reactance are known, the 
phase angle may be found from the equation: 


@ =tan -1 Xe 
R 


356 
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where: 6 = phase angle between current and voltage. 
X,. = capacitive reactance in ohms. 
R = series resistance in ohms. 


(See also Q. 3.09 and Q. 3.20.) 


Q. 4.02. List the fundamental frequency and the first 10 har- 


monic frequencies of a broadcast station licensed to operate at 790 
kHz. 


A. The fundamental frequency (or first harmonic) is 790 kilohertz. 
The other nine harmonics are as follows: 
(2) Second harmonic = 1580 kilohertz. 
(3) Third harmonic = 2370 kilohertz. 
(4) Fourth harmonic = 3160 kilohertz. 
(5) Fifth harmonic = 3950 kilohertz. 
(6) Sixth harmonic = 4740 kilohertz. 
(7) Seventh harmonic = 5530 kilohertz. 
(8) Eighth harmonic = 6320 kilohertz. 
(9) Ninth harmonic = 7110 kilohertz. 
(10) Tenth harmonic = 7900 kilohertz. 


Q. 4.03. A series-parallel circuit is composed of a 5 ohm resistor in 
series with the parallel combination of a capacitor having a pure re- 
actance of 20 ohms and an inductance having a pure reactance of 8 ohms. 
What is the total impedance of the circuit? Is the total reactance capaci- 
tive or induetive? 


A. (a) The total impedance of the circuit is 14.2 ohms. 
(b) The total reactance is inductive. 


D. Step 1: Solve the parallel impedance of the inductance and ca- 
pacitance in parallel. Their pure reactances are given in the example, as 
Xz; = 8 ohms and X, = 20 ohms. To solve this impedance, assume a 
convenient voltage of 160 volts to appear across the parallel network 


only. 
Step 2: Using the assumed voltage, solve for the branch currents or; 
E, 160 
== = — = 20A 
E, 160 
== =~ 8A 
I, X. 20 


These currents are 180 degrees out of phase and so the net current for 
this branch is, I, = lh, — I. = 20 —8 = 12A (inductive) 
Step 3: Find the impedance of this parallel branch, 


PE abee 160 


Zh = —— = ]3.3 ohms (inductive) 
Le 12 
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Step 4: Find the total series impedance of the entire circuit. 
Zp = \/R2 + Xp? = \/5? + 13.3? = 1/202 = 14.2 ohms (inductive) 


Q. 4.04. The 10-kilohm cathode resistor of a certain amplifier is by- 
passed to ground with a capacitor. If it is desired to operate this amplifier 
at a minimum frequency of 5 kHz what size capacitor should be 
used? 

A. The capacitor should be 0.032 pF. 

D. The reactance of a cathode-bypass capacitor should be about one- 
tenth the value of the cathode resistor at the lowest frequency to be 
passed. From this basis, we have a simple formula to directly calculate 
the value of the capacitor in microfarads: 


taney UH 
Pu 2n f, Rx d 
where: Cx = cathode capacitor in microfarads. 


f, = lowest frequency to be passed, in hertz. 
Rg = cathode bias resistance in ohms. 


Cx 


Therefore, 


107 sob 107 
6.28 <5 <: 108 << 10 X’'108'" "6.28 S'S STO" 


If no bypass capacitor were across the cathode resistor, the amplifier 
would, in general, have improved performance, but at a sacrifice in gain. 
Placing a capacitor of suitable value across the cathode resistor prevents 
degenerative effects due to instantaneous bias changes on the cathode, 
which are in phase with the applied signal. This is because the capacitor 
charges very little on increasing plate currents and discharges very little 
on decreasing plate currents. This condition requires that the time con- 
stant in the cathode circuit be long with respect to the time of the lowest 
audio frequency desired to be passed through the amplifier without 
degeneration. 


C= = 0.032 pF. 


Q. 4.05. What effect does mutual inductance have on the total in- 
ductance of two coils connected in series? 

A. If the coils are connected so their fields are aiding, the total induc- 
tance is increased. If their fields are opposing, the total inductance is 
reduced. 


D. The total effective inductance of two mutually coupled coils may 
be found from the equation: 


Ly = Li ne L, = 2M 


where Ly = total effective inductance in henrys. 
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L, = inductance of one coil in henrys. 
L. = inductance of second coil in henrys. 
M = mutual inductance in henrys (++ if coil fields aid, or — 
if coil fields oppose) . 
(See Q. 3.26 for discussion of mutual inductance and Q. 3.27 for discus- 
sion of coefficient of coupling.) 


Q. 4.06. 10 amps a.c. is flowing in a series circuit composed of 5 
ohms resistance, 25 ohms capacitive reactance, and 12 ohms induc- 
tive reactance. What is the voltage across each component? What is 
the total voltage? Why is the total voltage not simply the sum of 
the individual voltages? Explain. 


A. (a) The voltage across the resistor (Ex) = 50 volts. 

(b) The voltage across the capacitor (E.) = 250 volts. 

(c) The voltage across the inductance (Ey) = 120 volts. 

(d) The total voltage (Ey) = 139 volts. 

(e) The total voltage cannot be the sum of the individual voltages, 
because it is made up of out-of-phase voltages which must be added 
vectorially. 


D.- (a) Find the voltage across the resistor (Eg). 
Ep = Ir X R= 10 X 5,= 150 volts. 

(b) Find the voltage across the capacitor (E¢). 
E, = Ip X X. = 10 X 25 = 250 volts. 

(c) Find.the voltage across the coil (Ex). 
Ey = Ip X Xy = 10 X 12 = 120 volts. 


(d) Find the total voltage (Er) which is the vector sum of the above 
three voltages. 


Ep = Ip X Zy where Zp equals the total series impedance of the 


circuit, or 
Zn = \/R2 + (Xi — Xe)? = V52 + (12-25)? = 13.9 
Therefore, 


Ex = 10 X 13.9 = 139 volts. 


Q. 4.07. Show, by simple circuit diagrams at least two ways of ob- 
taining a sawtooth wave. Explain how the waveshape is formed. Where, 
in television transmitters, are sawtooth waves employed? Why? 


A. For three types of circuit diagrams, see the accompanying figures. 
(a) When the circuit of Figure 4.07 (a) is originally energized, there 
is no charge in capacitor C2 and the thyratron tube is held below cut-off 
by the bias developed across resistors Ry. Capacitor Cz begins to charge 
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FINE 
FREQUENCY CONTROL 


Fig. 4.07(a). A typical thyratron sawtooth-wave generator circuit. 


toward +250 volts through resistors Rs and Rg. C2 continues to charge 
until a voltage is reached, at the plate of the thyratron, sufficient to ionize 
the tube. The exact value depends upon the bias and the particular tube. 
However, a practical value would be +30 volts. When the tube ionizes, 
the capacitor discharges rapidly through the tube until the de-ionization 
potential is reached (about +20 volts), at which time the capacitor be- 
gins to charge again. Thus, the capacitor charges slowly and discharges 
rapidly between +20 volts and +30 volts forming a sawtooth wave with 
an amplitude of 10 volts. Since only a small portion of the available 
charging voltage of +250 volts is used, the sawtooth is quite linear. 
(b) The circuit of Figure 4.07(b) employs a hard tube (high-vacuum 
tube). In the absence of an input signal, the tube is held below cut-off 
by the fixed bias (—30 volts) on the grid. At this time capacitor charges 
toward +250 volts. When the positive-input pulse occurs, it overcomes 


B+ 


OUTPUT 


INPUT WAVE 


Fig. 4.07(b). A typical hard-tube sawtooth-wave generator circuit. 
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Fig. 4.07(c). Schematic diagram of a untjunction transistor (UJT) 
sawtooth generator, showing the output waveform (see text). 


the bias and causes the tube to conduct heavily. This causes a rapid dis- 
charge of capacitor Cy. Following the positive pulse, the tube is again 
cut off and Co» begins to charge again. The slow charge and rapid dis- 
charge action forms the sawtooth wave. 

(c) The circuit of Fig. 4.07(c) shows a sawtooth generator incor- 
porating a unijunction transistor (UJT). The unijunction transistor is 
able to function in this relaxation oscillator circuit as explained below. 
In order to help clarify the explanation of this circuit, refer also to the 
simplified equivalent circuit of Fig. 4.07 (d). 

Unlike the usual junction transistor, the unijunction transistor has 
no collector, but consists of a single crystal of N-type silicon mounted 
on a ceramic disc. The PN emitter junction is formed by alloying an 
aluminum wire to the top of the crystal nearest the base two contact. 
Base one and base two are simply defined by placing contacts at each 
end of the crystal. 


DIODE 
(EMITTER TO 
BASE |!) 
EMITTER O——_Pr-——?-- ----- : 
VBI 
Rel 6V 


Fig. 4.07(d). Simplified equivalent circuit of a unijunction 
transistor (UJT ) (see text). 
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Referring to the simplified equivalent circuit diagram of Fig. 4.07 
(d), the emitter PN junction is shown as a separate diode connected 
between base one and base two. Since both bases are on a single crystal 
and the emitter is connected between the bases, an internal voltage 
divider is formed between base two and emitter, and between emitter 
and base one. (The total resistance between base two and base one is 
between 5,000 and 10,000 ohms.) With the emitter nonconducting, a 
typical voltage division is as shown, with Vp, = 4 V; and Vg, =6 V 
(assuming a base two supply voltage of +-10 V). 

Note in the equivalent circuit diagram, that the resistance of base 
one (Rg) is shown to be variable. This is true since in the absence 
of emitter current, Rg, has a fixed value, but when emitter current 
flows, the path is through Rg;, whose resistance varies inversely with 
the emitter current. (Typical values of Rp, are between 40 and 
5000 ohms, depending upon the amount of emitter current which may 
vary between 50 and 0 mA.) 

The UJT circuit produces a continuous sawtooth output in the 
following manner. Assume that there is no charge in sawtooth capacitor 
C1 and that the system has just been turned on. C1 now begins to 
charge in the positive direction toward the +10 V supply voltage. How- 
ever, note in the simplified equivalent circuit that the normal voltage 
division between the two bases (no emitter current) is such that the 
voltage across base one (Vj;) is 6 V. 3 

In order for emitter current to flow (through base one), the emitter 
must be forward biased. This means that the emitter must go more 
positive than the 6 V base one voltage. Thus, C1 charges through R3, 
toward +10 V, in a fairly linear manner. 

When the emitter voltage just exceeds +-6 V, emitter current begins 
to flow through base one. In the waveform shown in Fig, 4.07(c), 
this is designated as the ‘peak point.” This is the point at which the 
capacitor stops charging (trace portion) and begins to discharge 
(retrace portion). As soon as emitter current begins to flow, C1 begins 
to discharge through the emitter to base one junction, through base 
one and R1. 

Since current from the emitter is now passing through base one (in 
addition to the voltage divider current), the resistance of base one 
decreases (due to the physics of the base material), and the voltage 
appearing across base one is reduced, since the voltage divider has now 
changed to drop less voltage across Rg, and more across Rgo. (Note 
that an increase of current through Rg, has actually resulted in a 
decrease of voltage across it. This is the inverse of the Ohm’s law con- 
dition and this situation is known as “negative resistance.’’) 

As long as the decreasing voltage across C1 (during discharge) 
remains slightly higher than the voltage across base one (Vx;), emitter 
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current will continue to flow and C1 will continue to discharge. C1 
will continue to discharge until the end of the ‘‘negative resistance” por- 
tion of the UJT response curve is reached. At this point [‘‘valley 
point,” in Fig. 4.07(c)}, any further increase in emitter current tends 
now to produce an increase in voltage across Rp, (positive resistance 
effect) . 

Thus, at the “valley point,” Vy, suddenly becomes slightly higher 
than the emitter voltage (Vz), which is the voltage across capacitor 
Cl. The emitter is now no longer forward biased and emitter current 
ceases. This is the end of the retrace portion of the sawtooth. De- 
pending upon the particular type of UJT in use, this valley point will 
occur at about 2.5 V. Since the “peak point” occurs at 6 V, the sawtooth 
amplitude is 3.5 V. 

Now, with the emitter current cut off, C1 once again begins to 
charge toward the peak point to begin another cycle. The action is con- 
tinuous and sawtooth waves will continue to be produced until the 
power is shut off. Note, in Fig. 4.07(c) that R3 has been made 
variable. Varying this resistor makes it possible to change the sawtooth 
repetition frequency. Of course, changing the value of C1 will also 
have the same effect on frequency. 


(d) In television transmitters, sawtaoth waves are employed in TV 
cameras, picture monitors and in oscilloscopes which are used to monitor 
the transmission of picture and synchronizing signals. 

(ec) Sawtooth waves are employed because they provide a relatively 
slow, linear motion of the electron beam across the screen during picture 
tracing and a very rapid retrace of the beam when no picture informa- 
tion is involved. This wave traces the beam horizontally at the rate of 
15,750 Hz. Simultaneously, a 60 Hz sawtooth wave produces vertical 
deflection at a much slower rate, so that the picture is also traced out 
from top to bottom. In this manner, a linear, evenly spaced picture is 


provided. 


D. See Q. 4.73 for detailed discussion of TV scanning technique. 
See also Q. 4.74 and Q. 4.75. 


Q. 4.08. What causes resistance noise in electrical conductors and 
shot-effect noise in diodes? 


A. (a) So-called resistance noise in electrical conductors is caused by 
the random motion of molecules in the conductors. 


(b) For shot-effect noise, see Q. 3.101. 


D. (a) At any temperature above absolute zero, there is a certain 
amount of random molecular motion in all substances. This random 
motion in conductors, produces small voltages which are generally known 
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as thermal-agitation noise voltages. The amplitude of this noise increases 
with temperature and the noise frequencies extend across the entire ra- 
dio-frequency spectrum. In superheterodyne receivers, the noise gener- 
ated in the antenna circuit, r-f amplifier and mixer stage is of the great- 
est importance. Only that noise occurring within the receiver i-f pass- 
band appears in the receiver output. Thus, narrowing the i-f passband — 
is one way of reducing the effect of receiver noise. 


Q. 4.09. Find the gain of a triode amplifier with a plate resistance 
of 50,000 ohms and a load resistance of 75,000 ohms. The amplification 
factor is 25. 


A. The gain equals 15. 
D. The gain of a triode amplifier may be found from the equation 


Ageia 
Ri +R, 
where: A = gain 
u. = amplification factor 
Ry, = load resistance 


R, = tube plate resistance 


Substituting the values given, we have, 


OB RB) ey 


= tie Sad 
50,000 + 75,000 125 


Q. 4.10. List some precautions to be observed when soldering transis- 
tors and repairing printed circuits. 


Ay see O35. 1943 


Q. 4.11. What is the gain factor of a transistor? 


A. The current gain of a common-emitter transistor is the ratio of 
a small change of collector current to the small change of base current 
which causes it (generally, with a zero-resistance collector load). This 
ratio is defined by the Greek letter beta, or 


Ad 
pie Nie} V. 


D. A method of describing the “gain factor” of a common-base 
transistor is called the “current-amplification factor” (forward, short cir- 
cuit) and is designated by the Greek letter alpha. Alpha is the ratio of 
a small change of collector current to the small change of emitter current 
causing it, or 
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Q. 4.12. What are the main disadvantages of using transistors in cir- 
cuits rather than vacuum tubes assuming the cost is the same for both? 


A. Some disadvantages of using transistors rather than plug-in vac- 
uum tubes are: 


(a) Extreme variations of parameters due to temperature changes. 

(b) Need for protective diodes in many circuits. 

(c) Susceptible to switching-transient damage. 

(d) Difficult to install and replace (except where transistor sockets are 
used ). 


(e) Can accept relatively low-voltage input signals. 


D. On the side of advantages, the transistor: 

(a) Is smaller and lighter. 

(b) Is more rugged. 

(c) Has longer life. 

(d) Has greater power efficiency. 

(e) Requires no filament supply. 

(f£) Is especially adaptable to use in miniaturized circuits and printed 
circuit boards. 

(g) Requires low voltage power supplies. 


Q. 4.13. If a standard broadcast station is licensed to operate at 
a frequency of 1260 kHz what are the minimum and maximum 
frequencies at which it may operate and still be within the proper 
limits established by the Commission’s rules? 


A. The minimum frequency is 1,259,980 hertz. The maximum fre- 
quency is 1,260,020 hertz. 


D. The Commission’s rules state that the carrier frequency shall be 
maintained within plus or minus 20 hertz of its assigned frequency. 


Q. 4.14. Explain the operation of a resistance bridge. If the known 
resistances in such an instrument are 5 and 10 ohms, and if adjusting the 
third resistance to 50 ohms produces a perfect balance, what is the un- 
known resistances‘ | 


A. (a) See the schematic of Fig. 4.14. The resistance bridge is used 
for accurate measurement of an unknown resistance. In the diagram, 
resistors Ry and Rg are fixed precision resistors of known value. Rg 1s an 
accurately calibrated variable resistor and Rx is the unknown value of re- 
sistance to be measured. A fixed d-c voltage is applied to points A and B 
and a high resistance voltmeter is connected to points C and D. When 
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ADJUSTED TO 50 OHMS 


Fig. 4.14. Schematic diagram of a resistance bridge where R, 
is the unknown value. 


Ri Rs Sa 

the ratio of zs equals ch the bridge is balanced as shown by a zero 
2 x 

reading on the meter. The unknown value of resistance is then read 


from the calibration scale for R3. The bridge achieves balance under 
these conditions because the voltage drops across R; and Rg are equal 
and the voltage drops across Rg and Rx are equal. 

(b) The unknown resistance is found from the formula: 


Ro 
Rais 
R, X Rg 
10 
R, = ie < 50 = 100 ohms 


Q. 4.15. What is an audio frequency? What approximate band of 
frequencies is normally referred to as the audio-frequency range? 


A. (a) An audio frequency is one which can be heard by the average 
person as a sound wave. 

(b) The normal audio-frequency band is between 20 hertz and 
20,000 hertz. 


D. The actual audio range in use will vary with the equipment and 
its purpose. For example, in the case of “hi-fi” tape recorders and record 
players, the reproducible range may be from 20 Hz to well in excess of 
20,000 Hz. For an AM broadcast station, the high frequency end may 
be cut off at about 5000 Hz. In two-way voice communications, a range 
of about 200 Hz to 2000 to 3000 Hz may be adequate. On the other 
hand, an FM broadcast station may broadcast an audio range of 20 Hz 
to 15,000 Hz. 
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Q. 4.16. What causes sound and how is it transmitted in air? 


A. (a) Sound is caused by a disturbance of air molecules which 
causes sound waves to be set up at an audio frequency (20 to 20,000 Hz). 

(b) Transmission of sound waves in the air occurs due to rarefraction 
and compression of air molecules (at audio frequencies) which cause the 
sound waves to move out from the originating point at about 1120 feet 
per second (sea level, at 20°C). 


D. Perception of sound is created by vibration of the ear drum re- 
sponding to sound waves. The effect of such vibration is transmitted by 
nerves leading to the brain. Here it is translated into the effect known as 
sound. 


Q. 4.17. Sketch the physical construction of the following types of 
microphones and list their advantages and/or disadvantages: (a) dy- 
namic, (b) ceramic, (c) crystal, (d) single button, (e) ribbon. Which 
types are normally used in the broadcast studio? Why? 


A. (a) For a sketch of a dynamic microphone, see Figure 4.17 (a). 
A “dynamic” or ‘moving coil” type of microphone is somewhat 
similar in construction to a small permanent magnet dynamic speaker. 


PERMANENT 


CONICAL 
DIAPHRAGM 


DIAPHRAGM 
CORRUGATIONS 


OUTPUT LEADS 


Fig. 4.17(a). Cross section of a dynamic microphone. 


The diaphragm is of the unstretched, non-rigid type and has a number 
of circular corrugations. These corrugations give the diaphragm a great 
amount of flexibility and excellent low frequency response. Attached to 
the diaphragm is a circular coil constructed of a large number of thin 
aluminum turns held together and insulated by a varnish. The coil, 
which moves with the diaphragm, passes between the poles of a strong 
permanent magnet, with very small clearance. When the diaphragm is 
actuated by sound waves, the coil moves in the magnetic field of 
the permanent magnet, and has induced into it a voltage corresponding 
to the sound variations. 
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The microphone has a low impedance output (25 to 50 ohms) and 
may be connected through long shielded cables to a distant amplifier. 
It is rugged, dependable, requires no power supply, and very little 
maintenance. The frequency response of those commonly available is 
approximately from 50 to 15,000 hertz. | 


Advantages of a dynamic microphone are: 

(1) Rugged construction. 

(2) High output level (—55dB). 

(3) Light weight. 

(4) Wide frequency response (50—15,000 hertz). 

(5) Low-hum pickup (—128 dBm). 

(6) Low impedance (switchable for 30, 150 or 250 ohms in certain 
broadcast studio types). 

(7) Relatively insensitive to temperature and humidity. 

(8) Large dynamic operating range. 

(9) Does not require power supply. 

(b) The ceramic microphone is constructed in a similar manner to 
a crystal microphone and is shown in Figure 4.17(b). The basic difference 
is that the piezo-electric effect of certain ceramic materials replaces that 
of Rochelle-salt crystals. Ceramic is much less affected by temperature 
and humidity than Rochelle salt. However, the ceramic element like the 
crystal, is frequently enclosed in a moisture-proof case. The basic princi- 
ple of operation is the same as for the crystal type (see part (c)). The 
output of ceramic microphones and their frequency response (for similar 
services) are very similar to the crystal type and they both feature high- 
impedance outputs. The output level for a good-quality microphone may 
be —55dB and the frequency response from 50 to 12,000 hertz. 

Advantages of a ceramic microphone are: 

(1) Relatively inexpensive. 

(2) High output level (—55dB). 


CERAMIC 
MICROPHONE 
CONSTRUCTION 
HIE 
He ie ALUMINUM 


CERAMIC 
MATERIAL 


SHELL 
| Tl (RESONANT ) 
A 


SILVER CONTACT 


Fig. 4.17(b). Cross section of a ceramic microphone. 
(Courtesy of RCA) 
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(3) Good frequency response. 

(4) Does not require power supply. 

Disadvantages of a ceramic microphone are: 

(1) Tends to be susceptible to temperature and humidity (although 
less so than crystal type). 

(2) May be susceptible to shock. 

(3) Response may not be as smooth as the dynamic or ribbon type. 

(4) Frequency response may not be as extensive as dynamic or rib- 
bon type. 

(5) High output impedance, makes it more susceptible to hum pickup 
and background noise. 

(c) A diagram of a crystal microphone is shown in Figure 4.17 (c). 
Its operation is discussed in Q. 3.118, part (a). 

The advantages and disadvantages of a crystal microphone are basi- 
cally the same as for the ceramic microphone described in (b) above. 
The crystal microphone, however, is inferior to the ceramic type in re- 
- gard to resistance to temperature extremes, humidity, and shock. 

-(d) For a diagram of a single-button (carbon) microphone, see Fig- 
ure 4.17(d). A schematic of its normal connections is shown in Figure 
3.116. A discussion of the construction and characteristics of this type 
of microphone, is given in Q. 3.116. 

Advantages of a single-button carbon microphone are: 

(1) High-output voltage. 

(2) High sensitivity. 
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Fig. 4.17(c). Crystal microphone assembly. 
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Fig. 4.17(d). Cross section of a single-button carbon microphone. 


(3) Low cost. 

(4) Relatively low impedance (50 to 100 ohms). 

Disadvantages of a single-button carbon microphone are: 

(1) High inherent noise level (hiss). 

(2) Limited frequency response. 

(3) Susceptible to moisture problems (packing of carbon granules). 

(4) Requires d-c power supply. 

(e) For sketch of a ribbon microphone, see Fig. 4.17(e). The ribbon 
(or velocity, or pressure gradient) microphone employs a very light rib- 
bon of corrugated aluminum suspended to vibrate freely in a magnetic 
field. The ribbon is actually the diaphragm of the microphone and is 
exposed to the air on its two opposite faces. The ribbon vibrates in re- 
sponse to the velocity component of the sound wave and cuts magnetic 
lines of force causing proportional voltages to be induced into the ribbon. 
These voltages (at extremely low impedance) are fed to a transformer. 
The transformer raises the microphone impedance to be compatible with 
standard lines and facilities of the broadcast studio and also raises the 
microphone output voltage level to a practical value similar to a dynamic 
microphone. 

Advantages of a ribbon microphone are: 

(1) Wide frequency response (50-15,000 hertz). 

(2) High output level (—55 dBm). 

(3) Low output impedance (30-150-150 ohms, switchable). 
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Fig. 4.17(e). Ribbon (velocity) microphone. 


(4) Rugged construction. 

(5) Light weight. 

(6) Insensitive to heat and humidity. 

(7) Large dynamic operating range. 

(8) Does not require power supply. 

(9) Low background noise. 

Disadvantages of a ribbon microphone are: 

(1) Ribbon is delicate and should not be subjected to sudden puffs 
of wind or blasting sounds. 

(2) Ribbon should not be overstretched or it will lose its elasticity 
with a consequent reduction of overall performance. 

(£) The microphones normally used in the broadcast studio are the 
dynamic and the ribbon types. The reasons for using these are: 

(1) Light weight. 

(2) Rugged construction. 

(3) Low-hum pickup. 

(4) Indefinite life. 

(5) Wide and smooth frequency response characteristics. 

(6) Relatively impervious to shock and vibration, temperature and hu- 
miidity. 

(7) Some types are built to have directional characteristics. 

(8) Low background noise. 

(9) Low impedance output. 

(10) High-level output. 


Q. 4.18. What is meant by the “phasing” of microphones? When is 
this necessary? 
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A. (a) “Phasing” of microphones indicates that each microphone 
will have the same output polarity for a given sound-pressure wave act- 
ing on the microphones. 

(b) Phasing is necessary when two or more microphones are con- 
nected to a mixer. If this is not done the microphone outputs may op- 
pose each other, causing a reduction of output. In addition, varying 
amounts of distortion may also be introduced. 


D. Phasing may be particularly important when two similar micro- 
phones are placed in a symmetrical relationship to a performer. Also, for 
optimum operation of some amplitude-modulated transmitters, correct 
phasing may be important. This is true because of the unsymmetrical 
aspects of speech waveforms. 


Q. 4.19. What is the difference between unidirectional, bidirectional, 
and omnidirectional microphones? 


A. (a) A unidirectional microphone has its major lobe of pickup 
extending in only one direction. 

(b) A bidirectional microphone has two major lobes of pickup which 
are separated by 180 degrees. 

(c) An omnidirectional microphone picks up sounds with equal fa- 
cility from all directions. 


D. (a) A unidirectional microphone is used when it is desired to dis- 
criminate against sounds coming from all but one direction. An exam- 
ple is the use of such a microphone for a singer before a large audience. 

(b) A bidirectional microphone may be used to pick up the voices of 
two people sitting across from one another, while discriminating against 
pickup from other directions. 

(c) An omnidirectional microphone may be positioned in the center 
of activity when it is desired to pick up sound equally from all direc- 
tions. For example, the microphone may be placed in the center of a 
round-table discussion. 


Q. 4.20. What is a decibel? 


A. Basically, the decibel is a unit used to express the ratio between 
two sound power levels, or two electrical power levels. | 


D. The formula for calculating decibels when the ratio of two 


powers is compared is N = 10 logio 2. Here Pz» is always the larger 
1 
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power, and N is the ratio in dB. The equation is true only when the 
two values of power are measured across equal impedances. 

If an attenuation is indicated the answer will be in —dB. If amplif- 
cation is indicated the answer will be +dB. Ex.: Find the number 
of dB corresponding to a power ratio of 200:2. 


Solution: N = 10 logio gp? = 10 logio > = 10 logy) 100 = 10X2 
1 


= 204B. 
DB may also be used in expressing the ratio between two voltages 
or two currents as follows: 


Ni= 20 logio-p" = 20 logio provided that the values of E and ] 
1 1 


are measured at points of equal impedance. 
The following will be found useful in treating dB problems of power 


1. An increase of 1dB (-L) is an increase of power of 25%. 
2. A decrease of 1dB (—) isa decrease of power of 20%. 
3. An increase of 3dB (+) doubles the power. 

4. A decrease of 3dB (—) cuts the power in half. 


To apply the above to voltage or current, merely double the num- 
ber of dB involved. 

The decibel is often used as a value of power. For this application, 
it must express a ratio to some level taken as a standard reference level. 

The standard reference used by the telephone company and by 
broadcast stations is the Volume Unit (V.U.), where 0 V.U.=1 
milliwatt, or 0.775 volt across 600 ohms. The standard broadcast studio 
reference of Volume Units (V.U.) is 0 V.U. = 1 milliwatt, or 0.775 
volt in 600 ohms. V.U. is figured on the same basis as dB: that is, it 
is based upon a logarithmic scale, but, using a highly damped meter, 
represents an average value. 

It is interesting to note that a 1-decibel change of a sinusoidal sound- 
wave level is barely distinguishable by the average human. 


Q. 4.21. VU meters are normally placed across transmission lines of 
what characteristic impedance? 


A. 600 ohms impedance. 
D. See Q. 4.20. 


Q. 4.22. Show by a circuit diagram a method of desensitizing a VU 
meter to cause it to read lower than normal: 
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A. For the schematic diagram, see Fig. 4.22. 


3900 OHMS 
T-PAD 


300 OHMS RECTIFIER 
INPUT ee AND 
600 OHM VU METER 
SOURCE 


7500 OHMS 
—_—_—> 


Fig. 4.22. VU meter bridging circutt. 


D. For program monitoring, the VU meter input-circuit impedance 
is 7500 ohms, as seen by the program line. 3900 ohms in the meter is 
added to 3600 ohms supplied by Ri and Re. Rg is a 3900 ohm T-pad and 
is used as the meter multiplier to adjust the sensitivity of the meter. 

By adjustment of Rg, it is possible to set 0 VU to correspond to any 
desired incoming signal level. A good example is to make 0 VU corre- 
spond to the standard phoneline level of +4 dBm. 


Q. 4.23. Why is it important to keep the contact points on attenuator 
pads used in a broadcast studio console clean? How are they cleaned? 


A. (a) The contact points must be kept clean to insure reliable and 
noise-free operation of attenuator pads. | 


(b) Contact points may be cleaned with a clean, soft cloth and carbon 
tetrachloride. The leaves may also be cleaned the same way, being care- 
ful not to disturb their tension. 


D. To help prevent wear of the contacts, lubricate them lightly using 
plain petroleum jelly applied with a clean cloth. The tension of the leaves 
should not be changed unless absolutely necessary. If this must be done, 
adjust the leaves using the sliding mounting screw until there is just 
adequate pressure to insure reliable contact. 


Q. 4.24. What is a pre-amplifier? Where are they normally used in 
the broadcast station? 


A. (a) A “pre-amplifier” is a high-gain audio amplifier used to in- 
crease the output signal level of a microphone, record player, or tape 


head. 
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(b) In a broadcast station they are normally used between the above 
three pick-up devices and the first mixer. They are located as close as 
possible to the pick-up devices. 


D. Pre-amplifiers are used ahead of mixing systems to improve their 
output signal-to-noise ratio. All mixers have certain inherent noise level 
and the output of most pick-up units is low, in the order of —55 VU 
(volume units). Therefore, pre-amplifiers are connected immediately fol- 
lowing each pick-up unit and the output of each pre-amplifier is then 
fed to the mixer, thus raising the signal-to-noise ratio. 

Some microphones have transistor pre-amplifiers built directly into the 
microphone housing. Such microphones are particularly valuable where 
a long line connects the microphone to the nearest available studio-type 
pre-amplifier, as is done in remote pick-up applications. 


Q. 4.25. Given the gain of an amplifier which amplifies feedback 
and the overall voltage gain of a circuit, how is it possible to determine 
the amount of feedback used? State the formula used and solve a sam- 
ple problem. 

A. (a) The amount of eine used can be determined by applying 
the formula for determining the gain of an amplifier with feedback in 
its transposed form. 

(b) The formula for the gain of an amplifier with feedback is: 


tie 2 
Y waheeBa 
where: a’ = gain with feedback 
a = gain without feedback 
B = fraction of output voltage fed back in opposition to input 
signal. 


Transposing and solving for B, we have: 


peer: 
a’ a 
We now assume that “a” equals 20, and “‘a’”’ equals 10. Solving for 


B we have 


= — — — = 05 = 5 percent 
Sigua a ho oe 


D. The gain of an amplifier with negative feedback may be deter- 


mined from the formula, a’ = where a’ is the gain with feed- 


a 
1+ Ba’ 
back, B is the fraction of the total output voltage fed back in opposition 
to the input signal voltage F,, a is the gain without feedback. The low- 
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Fig. 4.26(a). An example of negative-voltage feedback. 


frequency response will be affected according to the formula, F’; = 

Fy 
1+ Ba 
The high-frequency response will be affected according to the formula, 
F’, = F,(1 ae Ba). 


, where F’; is the new low-frequency response without feedback. 


Q. 4.26. What is the technical requirement for negative feedback? 
Show by circuit diagrams how this is achieved for negative voltage feed- 
back and negative current feedback. 


A. (a) The basic requirements are to reduce distortion and improve 
amplifier stability. 
(b) For the schematics, see the accompanying diagrams. 


D. In Fig. 4.26(a), the percentage of feedback 1s determined by 
the division across R, and Rg. (See also Q. 4.25.) The phase of this 
voltage is in opposition to the input voltage. 

In Fig. 4.26(b), the feedback voltage is developed across the unby- 
passed resistor Rx. Although the voltage across Rx is in phase with the 
input voltage, its effect on the cathode causes it (in the tube) to oppose 
the input voltage. Since the voltage across Rx is proportional to the tube 
current, this is a system of current feedback. 


Q. 4.27. What is meant by the fidelity of an audio amplifier? Why 
is good fidelity an important consideration when replacing amplifiers in 
the broadcast station? 


A. (a) The fidelity of an audio amplifier is its ability to reproduce 
in its output, a rue (but amplified) version of the input signal. This 
refers not only to the frequency, but also to the phase characteristics of 
the input signal. 

(b) Good fidelity is important when replacing amplifiers, in order 
that the station will continue to broadcast signals of very high quality, 
with a minimum of frequency and phase distortion. 
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Fig. 4.26(b). An example of negative-current feedback developed 
across the unbypassed resistor, Rx. 


D. In order that an amplifier shall provide high fidelity, it is vital 
that the amplifier shall introduce a minimum of hum and noise compo- 
nents. In addition, the amplitude (dynamic) response shall be linear. 
Harmonic and intermodulation distortion, introduced by the amplifier, 


shall be kept to the lowest possible percentage. (See also Q. 3.104.) 


Q. 4.28. What type of playback stylus is generally used in broadcast 
station turntables? Why? 


A. (a) A diamond stylus is generally used. 

(b) A diamond stylus will provide the greatest number of playing 
hours consistent with the allowable wear and distortion of the tip. There- 
fore, replacement is kept to the minimum. 


D. A stylus used to play stereophonic recordings will have a tip di- 
ameter of approximately 0.7 mil, while a monaural-playing stylus gen- 
erally has a tip diameter of around 1 mil. A studio-quality stylus 
generally employs hand-polished, “prime” diamonds that provide a great 
many hours of first-quality reproduction. The tracking force for broad- 
cast-type applications is approximately 1 to 2 grams; a magnetic-type 
cartridge is usually preferred. Such a cartridge may have a relatively flat 
response ranging from 20 to 20,000 Hz and an output of 2 to 7 mV 
(per channel for a stereo type) at 1 kHz/cm. Note that a stereo-type 
stylus is essential for the reproduction of stereo records, but may also be 
used to play monaural records. A monaural-type stylus, however, should 
never be used to play stereo recordings, as it is likely to damage the re- 
cording, and will not provide correct reproduction of the stereo record. 


Q. 4.29. How does dirt on the playback head of a tape recorder af- 
fect the audio output? How are such heads cleaned? 


A. (a) Dirt or oxide on the playback head may cause a reduction 
of audio-output amplitude, plus possible distortion. It may also reduce 
high frequency response and cause wow or flutter. Dirt may also increase 
head wear and increase the noise level. 
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(b) The playback head may be cleaned with alcohol, carbon-tetrachlo- 
ride, or special commercial solvents made for this purpose. 


D. (b) There are also special cloth tapes which may be run through 
the tape recorder for the purpose of cleaning the tape heads. Such cloth 
tapes are impregnated with suitable solvents and do an efficient job of 
cleaning without the need for disassembly. 


Q. 4.30. What is wow and rumble as referred to turntables? How 
can they be prevented? 


A. (a) Wow is a low-frequency modulation of a record occurring 
once per record revolution. 

(b) Rumble is caused by vibrations of the turntable. It is of low fre- 
quency and may either be a steady-state frequency or a series of random 
pulses. | 

(c) For prevention, see the discussion. 


D. (a) Wow is caused by record-groove velocity variations. It may 
occur in recording or in playback. According to NAB standards, such 
variations must not exceed + 0.1 percent for recording and + 0.3 per- 
cent for playback turntables. Wow is caused by small imperfections of 
the drive motor, drive mechanism, or by an eccentric disc or turntable. 
It can often be prevented by preventative-maintenance procedures. These 
include proper cleaning and lubrication of the drive mechanism and mo- 
tor drive. A slightly oily, lint-free cloth should be used to wipe the hub 
and spindle. Use the same type of cloth to wipe bushings and thrust 
balls prior to lubrication. The same type of cloth dampened with naphtha 
(or similar solvent) can be used to clean such items as motor-drive pul- 
leys and idlers, being certain not to leave oil on these items. 

(b) Rumble is in general caused and cured by the same items men- 
tioned in (a) above. In addition, check the inside surface of the turn- 
table rim and wipe it clean. Defective shock mounts may also cause rum- 
ble and should be replaced. In the prevention of both wow and rumble, 
it is important that the turntable be perfectly leveled and balanced. 


Q. 4.31. What factors can cause a serious loss of high frequencies in 
tape recordings? 


A. The following can cause loss of high frequencies: 

(a) A build-up of oxide (or dirt) on the tape head. 

(b) Misalignment of the tape head, relative to the tape. 

(c) Failure to maintain contact between the tape and the tape-head 
gap. 

(d) Tape not passing squarely past the head. 

(ce) Nicks or cuts on the surface of the head, or a break-through of 
the head-gap due to wear. 
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(£) Uneven wear of the tape head. 
(g) Incorrect bias current in tape head. 


D. For correct high frequency reproduction, the tape-head gap 
should be exactly perpendicular to the tape. One way to check this is 
by means of a standard alignment tape, producing a steady, high-fre- 
quency signal. The head is rotated for maximum output and then se- 
cured in position. 

For high frequencies, the contact between the tape head and tape 
should be firm. A separation of one-half mil, at these frequencies may 
cause the output to decrease by 20dB or more. Therefore, the pressure 
pads should be checked for proper functioning. Any buildup of oxide 
or dirt on the tape head will separate the tape from the head and cause 
a loss of high frequencies. Cleaning of a tape head was discussed in 
Q. 4.29 above. 


Q. 4.32. Explain the use of a stroboscope disc in checking turntable 
speed. 


A. The stroboscope disc is placed on the turntable and illuminated 
by a light energized by the 60-hertz line. A neon or fluorescent light is 
excellent for this purpose. There are separate circles of bars for each 
speed. With the turntable running, observe the appropriate circle of bars 
for the particular speed being checked. If the speed is correct, the bars 
will appear to be stationary. 


D. The speed most commonly used is 3344 rpm and the stroboscopic 
disc has 216 bars for testing this speed. For 78 rpm, there are 92 bars in 
the ring. In checking speed, not more than 21 bars per minute should 
drift pass a chosen reference point in either direction. When the bars 
move in the direction of rotation, the speed is too high. If they move 
against the rotation, the speed is too low. To bring the turntable to the 
correct speed, simply adjust the vernier control of the turntable until the 
bars are stationary. For the most accurate speed setting, a record should 
be on the turntable and the pickup stylus in the record grooves. 


Q. 4.33. Show how frequency response of a pickup unit of either a 
tape recorder or turntable is tested. 


A. (a) The frequency response of a turntable pickup may be checked 
with the aid of a standard EIA frequency-test record. The output indi- 
cator on the associated amplifier is read for each test frequency and a 
curve obtained to show the overall frequency response. 

(b) To check the frequency response of the pickup unit of a tape 
recorder, proceed as follows: 

(1) Using a high quality audio oscillator, feed into the input of the 
tape recorder (while recording) sine waves at a number of frequencies 
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between 50 and 15,000 hertz. At each frequency used, the input must 
be maintained at a constant level. 

(2) Play back the tape and record the playback response at each fre- 
quency, as read from a built-in or an external VU meter. 

(3) Draw a graph plotting the various readings obtained during the 
playback, indicating frequency vs. amplitude. : 

(4) In making this check, the frequency response of the amplifiers 
and equalizing circuits as well as the bias oscillators and tape head per- 
formance are checked. Also, the tape-head alignment is automatically 
checked. This is desirable since tape heads are not normally interchanged 
(unless damaged) and they should be tested in conjunction with their 
associated recording and reproducing devices. 


D. Before testing the frequency response of a turntable pickup, it 
is essential to know the frequency response of its associated amplifier. If 
a frequency calibrated amplifier is available, this should be used. The 
response curve of the pickup-amplifier combination is plotted, as de- 
scribed above. Then the amplifier response curve is compared to the 
overall response, and a new frequency response curve of the pickup it- 
self is made. This is done by removing the effect of the amplifier response 
from the overall response. If a frequency-calibrated amplifier is not avail- 
able, the amplifier in use must be calibrated. This is done with a good 
audio oscillator. Various frequencies from 50 to 15,000 hertz at constant 
amplitude, are fed into the amplifier input and the output response is 
monitored to obtain a frequency-amplitude calibration curve. 

If a tape head is to be tested independently of its companion amplifier, 
the same amplifier-calibration procedure as described above should be 
used. The tape-head frequency response is determined by monitoring the 
amplifier output in the same manner as given for a pickup. The overall 
response and the calibrated amplifier response are then compared to ob- 
tain the response of the tape head alone. 


Q. 4.34. What is an STL system? 


A. An STL (studio-to-transmitter-link) system is a system of relay- 
ing a program from a studio to its transmitter by means of radio trans- 
mission, rather than over wire facilities. 


D. A typical example of STL use occurs in certain remote pickups, 
particularly where suitable wire transmission is not readily available. 
This is particularly true of some television remotes, because of the wide 
(4.5-MHz) modulating frequency band required to be relayed to the 
transmitter, The transmitting and receiving antennas are generally half- 
wave dipoles in parabolic reflectors. Because of the UHF frequencies 
used, transmission must be strictly line-of sight. Present frequency as- 
signments for STL stations are as follows: 
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(a) Aural broadcast STL station: 947-952 megahertz. (FM only.) 

(b) Television STL station: 1900-2500 megahertz, 6875-7125 mega- 
hertz, 12,700-13,250 megahertz. 

The frequencies listed above may be used for the simultaneous trans- 
mission of both picture and sound portions of TV programs. Multiplex- 
ing may be employed to provide additional communication channels for 
the transmission of aural program material and for operational commu- 
nications. 

Each broadcast STL or FM Intercity Relay station is required to 
employ a directional antenna. Considering one kilowatt of radiated 
power as a standard for comparative purposes, such antenna shall pro- 
vide a free space field intensity at one mile of not less than 435 micro- 
volts per meter in the main lobe of radiation toward the receiver and 
not more than 20 percent of the maximum value in any azimuth 30 de- 
grees or more off the line to the receiver. Where more than one antenna 
is authorized for use with a single station, the radiation pattern of each 
shall be in accordance with the foregoing requirement. 


Q. 4.35. What is a proof-of-performance? How does a proof-of-per- 
formance differ from annual equipment performance measurements re- 
quired by the Commission’s rules? What must be included in the annual 
equipment performance measurements? 


A. (a) A proof-of-performance is a series of tests made on a broad- 
cast installation. These tests cover the important characteristics of the 
installation to assure that no deterioration of station performance has 
occurred. | 

(b) A proof-of-performance test is made at reasonable intervals 
throughout the year to assure continuous compliance with the FCC rules 
and regulations. It may consist of the same test items as required by 
the annual equipment performance measurements or it may contain 
either a greater or lesser scope of testing as determined by the Chief 
Engineer of the station. The annual equipment performance measure- 
ments are required by the rules and specify certain definite tests which 
must be performed and recorded during a specific period of each year. 
The station is required to maintain compliance with the required station 
performance specifications at all times and the proper maintenance must 
be performed, whenever required, to assure compliance. 

(c) The items included in the annual equipment performance tests 
are as follows: 

1. AM Broadcast Stations. 


(a) The licensee of each standard broadcast station shall make 
equipment performance measurements of authorized main 
and alternate main transmitters at least once each calendar 
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year: Provided, however, That the dates of completion of 
successive sets of measurements shall be no more than four- 
teen months apart. One set of equipment performance mea- 
surements shall be made during the four month period 
preceding the filing date of the application for renewal of 
station license. If the same transmitter is authorized for more 
than one mode of operation, equipment performance mea- 
surements of this transmitter need be made only at the 
highest authorized power level. Equipment performance 
measurements for auxiliary transmitters are not required. 
Equipment performance measurements shall be made with 
equipment adjusted for normal program operation, and shall 
include all circuits between the main studio amplifier input 
and antenna output, including equalizer or correction circuits 
normally employed, but without compression if such ampli- 
fier is employed. The measurement program shall yield the 
following information: 

(1) Data and curves showing overall audiofrequency re- 
sponse from 50 to 7500 hertz (Hz) for approximately 
25, 50, 85, and 100 (if obtainable) percent modulation. 
Family of curves should be plotted (one for each per- 
centage above) with dB above and below a reference 
frequency of 1000 Hz as ordinate and audiofrequency 
as abscissa. 

(2) Data and curves showing audio frequency harmonic 
content for 25, 50, 85, and 100 (if obtainable) percent 
modulation for fundamental frequencies of 50, 100, 
400, 1000, 5000, and 7500 Hz (either arithmetical. or 
root sum square values up to the tenth harmonic or 
16,000 Hz). Plot family of curves (one for each per- 
centage above) with percent distortion as ordinate and 
audio frequency as abscissa. 

(3) Data showing percentage of carrier amplitude-regulation 
(carrier shift), for 25, 50, 85, and 100 (if obtainable) 
percent modulation with 400 Hz tone. 

(4) The carrier hum and extraneous noise level generated 
within the equipment, and measured throughout the 
audio spectrum, or by bands, referred to the level for 
100 percent modulation of the carrier by a sinusoidal 
tone with a frequency of 400 Hz. 

(5) Measurements or evidence showing that spurious radia- 
tions including radio frequency harmonics are sup- 
pressed or are not present to a degree capable of causing 
objectionable interference to other radio services. Field 
intensity measurements are preferred but observations 
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made with a communications type receiver may be ac- 
cepted. However, in particular cases involving inter- 
ference or controversy, the Commission may require 
actual measurements. 


(b) The data required by paragraph (a) of this section, together 


with a description of instruments and procedure, signed and 
dated by the qualified person making the measurements, 
shall be kept on file at the transmitter or remote control point 
for a period of 2 years, and on request shall be made 
available during that time to any duly authorized representa- 
tive of the Federal Communications Commission. 


2. FM Broadcast Stations. 


(a) The construction, installation, operation and performance of 


(b) 


the FM broadcast transmitting system shall be in accordance 
with R & R 73.317. (FCC Rules and Regulations.) 


The licensee of each FM broadcast station shall make equip- 
ment performance measurements at least once each calendar 
year: Provided, however, That the dates of completion of 
successive sets of measurements shall be no more than 14 
months apart. One set of measurements shall be made during 
the 4 month period preceding the filing date of the applica- 
tion for renewal of station license. Equipment performance 
measurements for auxiliary transmitters are not required. 
Equipment performance measurements shall be made with 
equipment adjusted for normal program operation and shall 
include all circuits between the main studio microphone 
terminals and the antenna circuit, including telephone lines, 
preemphasis circuits and any equalizers employed, except 
for microphones, and without compression if a compression 
amplifier is installed. The measurement program shall yield 
the following information: 

(1) Audio frequency response from 50 to 15,000 hertz 
(Hz) for approximately 25, 50, and 100 percent modu- 
lation. Measurements shall be made on at least the fol- 
lowing audio frequencies: 50, 100, 400, 1000, 5000, 
10,000 and 15,000 Hz. The frequency response mea- 
surements should normally be made without deemphasis ; 
however, standard 75 microsecond deemphasis may be 
employed in the measuring equipment or system pro- 
vided the accuracy of the deemphasis circuit is sufficient 
to insure that the measured response is within the pre- 
scribed limits. 

(2) Audio frequency harmonic distortion for 25, 50, and 100 
percent modulation for the fundamental frequencies of 
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50, 100, 400, 1000, and 5000 Hz. Audio frequency har- 
monics for 100 percent modulation for fundamental fre- 
quencies of 10,000 and 15,000 Hz. Measurements shall 
normally include harmonics to 30,000 Hz. The distor- 
tion measurements shall be made employing 75 micro- 
second deemphasis in the measuring equipment or system. 

(3) Output noise level (frequency modulation) in the band 
of 50 to 15,000 Hz in decibels (dB) below the audio 
frequency level representing a frequency swing of 75 
kHz. The noise measurements shall be made employing 
75 microsecond deemphasis in the measuring equipment 
or system. 

(4) Output noise level (amplitude modulation) in the band 
of 50 to 15,000 Hz in dB below the level representing 
100 percent amplitude modulation. The noise measure- 
ments shall be made employing 75 microsecond deem- 
phasis in the measuring equipment or system. 

(c) The data required by paragraph (b) of this section, together 
with a description of instruments and procedure, signed and 
dated by the qualified person making the measurements, shall 
be kept on file at the transmitter or remote control point for 
a period of 2 years, and on request shall be made available 
during that time to any duly authorized representative of the 
Federal Communications Commission. 


D. (a) A “proof-of-performance” test represents the condition of the 
station which exists at the time of the test. The more frequently such 
tests are made and deficiencies corrected, the greater the guarantee that 
operating specifications are being met. It would be advantageous to per- 
form certain minimum testing at frequent intervals to monitor the sta- 
tion performance. Among these latter tests are noise, distortion, fre- 
quency response, carrier shift, carrier hum and spurious radiation. 

(b) The annual performance measurements must be made in the 
four-month period preceding the date of filing for license renewal. The 
date of filing for license renewal is three months before the expiration 
date of the license. Measurements can be taken by any qualified engineer 
and may be taken by the stations engineering personnel if adequate test 
equipment is available. 


Q. 4.36. What are line equalizers? Why are they used? Where, in 
the transmission line are they normally placed? 


A. (a) For a schematic diagram of a line equalizer, see Figure 4.36. 
A line equalizer is a high-pass filter which is inserted in a program au- 
dio-transmission line. 
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(b) The purpose of a line equalizer is to make the response charac- 
teristics of a transmission line independent of frequency within the de- 
sired range (transmission band), which is usually between 20 and 15,000 
cycles. 

(c) Many rented telephone lines are properly equalized by the tele- 
phone company to a specified high frequency. However, if equalization 
of an incoming line is required, it is performed where the line enters 
the studio (or studio-input equipment). 


D. If a transmission line has appreciable length, the line capaci- 
tance will cause the high frequencies to be attenuated. The line, there- 
fore, produces frequency distortion of programs passing through it. To 
eliminate frequency distortion, the line is equalized at the studio by 
means of a highpass filter, shown in Figure 4.36, which attenuates 
the low frequencies to the same degree that the line capacitance 
attenuates the high frequencies. The equalizer should have an atten- 
uation characteristic curve which is exactly the same as the line re- 
sponse curve in order to produce a “flat” corrected response of line 
and equalizer. It is generally unnecessary to equalize a short line 
because of the relatively low line capacitance. The total shunting line 


LINE 
INPUT 


Fig. 4.36. An equalizer circuit for a transmission line. 


capacitance is proportional to the line length and if the line is short 
the capacity is relatively low. The high frequency response of a line 
may be improved if the line is terminated in an impedance which is 
low compared to the surge impedance of the line. Standing waves are 
produced due to the mismatch, bet are not important in a short line 
due to the negligible phase shift which is introduced. 


Q. 4.37. What are limiting amplifiers? Why are they used in broad- 
cast stations? Where are they normally placed in the program circuit? 
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A. (a) A limiting amplifier, such as used in a broadcast station, is 
one which automatically reduces its gain when the peak program signal 
exceeds a predetermined value. 

(b) Limiting amplifiers in broadcast stations are used to prevent over- 
modulation which would cause distortion and adjacent-channel inter- 
ference. 

(c) A limiting amplifier is normally connected to the audio input 
terminals of an AM transmitter, which is the input to the audio driver 
feeding the modulator. 


D. A broadcast station limiting amplifier is basically a protective de- 
vice that prevents transmitter overmodulation on program peaks. This 
type of amplifier should not be used as a compression amplifier to reduce 
the dynamic range of program material (see Q. 4.41). Also, its purpose 
is not to increase the broadcast coverage area. In fact, if it’s used for this, 
an excessive amount of compression will occur at all times, resulting in 
an increase of adjacent-channel interference. This effect defeats one of 
the main reasons for using a limiting amplifier. In practice, the amount 
of peak-gain reduction of a limiting amplifier is of the order of 3 to 5 dB. 


Q. 4.38. Explain the operation of limiting amplifiers. 


A. In peak limiting, the amplifier is controlled by rectifying a portion 
of the output signal to secure a component of direct-voltage which is 
proportional to the peaks. This direct component may then be used to 
control the bias of a remote cut-off pentode in a manner similar to AVC 
action. The gain of a peak limiter is quickly reduced on peaks and then 
smoothly restored, whenever the instantaneous peak amplitude of the 
signal exceeds a pre-determined value. 


D. The use of an audio-peak limiter permits a higher average per- 
centage of modulation to be achieved without the difficulties of over- 
modulation. Such Jimiters prevent the carrier from being put off the air 
following intensified peaks which might operate the overload relays. 


(See also Q. 4.37, Q. 4.40, and Q. 4.41.) 
Q. 4.39. What are the uses of peak limiting amplifiers? 
A. See Q. 4.37 and Q. 4.38. 
D. See also Q. 4.40 and Q. 4.41. 


Q. 4.40. What are AGC amplifiers and why are they used? 


A. Note: AGC amplifiers discussed in this question, refer to those 
used in broadcast studio equipment. 


(a) An AGC (automatic-gain control) amplifier is one which pro- 
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vides a relatively constant output-level signal for varying input-level 
signals. 

(b) They are used to maintain a relatively constant transmitter input- 
level signal in spite of variations in signal level originating at the con- 
trol room or remote pickup. They largely eliminate the need for manu- 
ally riding the gain on the studio console. They also help to maintain a 
constant level when switching between different pickup facilities. 


D. In addition to the characteristics disussed above, the AGC am- 
plifier assists in maintaining a higher percentage of modulation than 
manual gain control. This is necessary to provide the widest and most 
reliable coverage of the broadcast station service area. 

One use for the AGC amplifier is for automatic-announcer override 
of a musical program. In this case the announce portion may be fed in 
at a level about 15dB higher than the musical program. The AGC am- 
plifier will reduce its gain by approximately 15dB so that the announcer 
will come through at normal level, but the music will be subdued by 
15dB and will appear as low-volume background. 


Q. 4.41. Explain the operation and uses of compression amplifiers? 


A. -(a) A volume compressor is a circuit which reduces (compresses ) 

the total dynamic range of speech or music. It reduces the amplifier gain 
when loud passages are present and increases the amplifier gain for very 
low passages. This device operates as follows: The signal to be com- 
pressed is rectified in such a manner as to produce a d-c voltage which 
varies in accordance with the envelope of the signal. This d-c voltage is 
then used to control the gain of an amplifier using a variable-mu tube. 
A more negative voltage is produced for loud passages and a less nega 
tive voltage for low passages. This voltage is used to bias the variable-mu 
amplifier and causes compression of the dynamic range of the input 
signal. 
(b) Volume compressors are used in some broadcast stations to reduce 
the dynamic range it is required to transmit. On some types of programs 
the full dynamic range would tend to cause overmodulation of the trans- 
mitter. They also increase the signal-to-noise ratio by raising the volume 
of weak passages above the noise level. 


D. Another use of volume compression is during voice transmissions 
to maintain a high level of modulation. When speaking into a micro- 
phone, it is difficult to maintain a constant voice level. The compression 
circuit, which follows the envelope variations of the signal, automatically 
compensates for variations in speech amplitude. 

Volume compression differs from limiting because it extends over sub- 
stantially the entire operating (dynamic) range, instead of just a portion. 
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Some broadcast transmitters employ both volume compression and lim- 
iting. These circuits are very common in long-distance short-wave radio- 
telephone transmitters. 


Q. 4.42. Draw the approximate equivalent circuit of a quartz crystal. 
A. For the equivalent circuit, see Fig. 4.42. 


D. In the equivalent circuit, the crystal proper is equivalent to a series- 
resonant circuit with the L, C, and R being the electrical equivalent of 
the mechanical properties of the crystal. L is equivalent to the mass, C is 
equivalent to the elasticity, and R is equivalent to the friction of the crys- 
tal. In practice, the L is extremely large and the R and C are extremely 
small. This accounts for the very high Q of a quartz crystal, which may 
be ten times or more as great as a good coil-capacitor tuned circuit. Cou- 
pling to the crystal is accomplished by sandwiching it between two metal 
plates (Cy). This forms a capacitor, with the crystal as the dielectric. 
However, Cy is very large compared to C and has a minor effect on the 
resonant frequency of the crystal. 

The quartz crystal, its holder capacitance, and associated tube and stray 
capacitance actually form an equivalent tank circuit of very high Q. 
Etched crystals with plated electrodes, mounted in a vacuum, have been 
found to give Qs in the order of 500,000. This is exceptional, however, 
and the ordinary crystal installations have a Q (unloaded) in the order 
of 20,000 or more. Crystal oscillators are generally found in two 
forms. One is the tuned-plate variety, in which the crystal takes the place 
of the grid tank circuit (Q. 3.86(b)). The other type is the Pierce oscil- 
lator (equivalent to the “ultraudion”), in which the crystal is the sole 
tuned circuit in the oscillator (Q. 3.86(g)). In any event, the very high 
Q of the crystal makes for excellent oscillator stability, especially when 
a constant temperature is maintained. 


C Ch OUTPUT 


Fig. 4.42. Approximate equivalent circuit of a quartz 
crystal in its holder. 
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Q. 4.43. What factors affect the resonant frequency of a crystal? Why 
are crystal heaters often left on all night even though the broadcast sta- 
tion is not on the air? 


A. (a) The following factors affect the resonant frequency of a quartz 
crystal. 

(1) The thickness and type of cut of the crystal. 

(2) Temperature. 

(3) Pressure of the crystal holder. 

(4) Shunt reactance across the crystal. 

(5) Capacitance of the crystal holder. 

(b) Crystal heaters are left on all night to insure that upon turn-on 
the transmitter will immediately operate at the proper frequency. This 
procedure eliminates the necessity of turning on the oven several hours 
before morning “air-time.” 


D. Many crystal cuts have temperature coefficients in varying degrees. 
Thus, if a very close tolerance in output frequency is to be maintained, 
it is essential that the crystal temperature be kept absolutely constant. 
This is done by enclosing the crystal assembly within a constant tempera- 
ture “oven.” (See Q. 4.44 for operation of crystal ovens.) See also 


Q. 4.42. 


Q. 4.44. Explain by the use of simple drawings the physical construc- 
tion and the operation of mercury-thermometer and thermocouple types 
of crystal-heater controls. 


ER Gavis ee 


A-C POWER LINE 


Fig. 4.44(a). A mercury-thermometer crystal heater. 
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A. (a) For diagram of a mercury-thermometer crystal heater, see 
Fig. 4.44(a). The mercury column can control a relatively small current 
and thus controls the grid circuit of the vacuum tube. The actual 
heater is a resistor which heats when plate current flows in the tube. 


When the oven reaches the desired temperature, the mercury column 
closes the contacts and the tube is turned off. As the oven cools, the mer- 
cury column drops and opens the contacts, causing the tube to conduct 
and the plate resistor to heat. This type of control is extremely sensitive 
to temperature changes. 

When the oven is below operating temperature and the contacts are 
open the grid is connected to the right side of the grid winding through 
the resistor, while the cathode is always connected to the center tap (con- 
sidered as a zero voltage reference point). When the grid is positive with 
respect to the cathode, the plate is also positive and plate current flows 
through the heater. When the oven reaches operating temperature and 
the contacts close, the grid is now directly connected to the left side of 
the grid transformer, which now controls the grid voltage. However, the 
left side polarity of the grid transformer is 180 degrees out of phase with 
the plate voltage and the tube will not conduct. No current flows through 
the heater and the oven begins its cooling cycle again. The crystal is en- 
closed in a specially designed heat filter which smooths out the tem- 
perature changes to maintain a virtually constant crystal temperature. 

(b) For diagram of a thermocouple type of heater control, see 
Fig. 4.44(b). The thermocouple is not as sensitive as the mercury 
thermometer, but is simpler and cheaper. The basis of operation of 
this unit is the bimetallic element. This is composed of two thin strips 
of different metals which are joined together. The metals are chosen so 
that the bottom strip has a greater coefficient of expansion than the upper 
strip. Thus, under heating conditions, the bimetallic strip will be forced 
upward breaking the contact. This system operates as follows: Assuming 
the oven to be below the correct operating temperature, the bimetallic 
strip will pull downward and close the contacts. This causes current to 
flow through the heating resistor and the oven temperature rises. When 
the temperature reaches a predetermined temperature, the bimetallic strip 
lifts and breaks the heating circuit and the cooling cycle begins again. 
As in (a) above, a heat filter may be used to smooth out temperature 
variations of the crystal. Some heating chambers are sealed and filled 
with an inert gas to prevent contact oxidation due to arcing when the 
contacts open and close. 


Q. 4.45. Why are tubes used in linear R-F amplifiers not normally 
biased Class A? 


A. Tubes used in linear R-F amplifiers are normally biased to oper- 
ate as Class-B amplifiers rather than as Class-A because of the greater 
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Fig. 4.44(b). Thermostat controlled crystal oven. 
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plate conversion efficiency obtained with the former. Ordinarily, a Class- 
A R-F linear amplifier realizes a carrier efficiency in the order of ten 
percent, whereas a Class-B R-F linear amplifier may easily achieve a car- 
rier efficiency of from thirty to thirty-five percent. In the larger amplifiers 
a quite significant reduction in power and tube costs would thus result. 


D. See Q. 3.59, Q. 3.143, and Q. 3.144. 


Q. 4.46. Draw circuit diagrams of the following R-F amplifiers and 
explain their operations. 

(a) Class-C R-F power amplifier with battery bias. 

(b) Tetrode R-F power amplifier with grid-leak bias. 

(c) R-F power amplifier with two tetrode tubes in parallel. 

(d) R-F power amplifier with two tetrode tubes in push-pull. 

(e) Plate-neutralized triode R-F amplifier. 

(f) Grid-neutralized triode R-F amplifier. 

(g) Triode frequency-doubler stage. 

(h) Push-push frequency-doubler stage. 

(i) Grounded-grid R-F amplifier. 


A. All the amplifiers to be described are operated as Class-C am- 
plifiers even though each will differ from the others by some detail. In 
the Class-C amplifier, sufficient negative voltage is applied to the control 
grid to bias the tube appreciably beyond the plate current cut-off point. 
The exciting voltage applied to the grid is large enough to drive the gnd 
positive during a portion of the excitation cycle and consequently appre- 
ciable grid current will flow at this time. The load, across which the 
output power is developed, is invariably a tuned or tank circuit resonant 
to the exciting frequency or some integral multiple thereof. The output 
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Fig. 4.46(a). Class-C R-F power amplifier with battery bias. 


voltage is sinusoidal and the circuit is arranged so that when maximum 
instantaneous plate current is flowing, the instantaneous voltage drop 
from plate to cathode is at its smallest value. Because the tube is 
biased beyond the cut-off point, the plate current flows for only a small 
portion of the exciting cycle and at the time when the plate-cathode 
voltage is at or near its minimum value. As a consequence, the plate dis- 
sipation, which is the product of the average instantaneous plate current 
and plate-cathode voltage during the time of the flow of plate current, 
is small as compared to other types of amplifiers. The Class-C amplifier 
is characterized by high power output and high plate-power conversion 
efficiency. Due to the non-linear characteristics of the plate current vs 
exciting voltage the amplifier is suitable only for the amplification of 
continuous wave signals. 

(a) For the diagram see Fig. 4.46(a). 

As shown, the grid of the amplifier has a negative voltage or bias ap- 
plied to it with respect to the cathode. The bias, in this illustration, is 
obtained from a battery, but in actual practice it may be obtained from 
a motor-generator or a rectifier-filter power supply as well as a battery. 

(b) For the diagram see Fig. 4.46(b). 

This amplifier is exactly like the amplifier of (a) above except that 
bias voltage for the tube is obtained by the voltage drop across the grid- 
leak resistor Rg. The circuit has been arranged to allow the rectified grid 
current, obtained when the grid is driven positive by the exciting voltage, 
to flow through the grid-leak and produce the required voltage drop and 
the required polarity for biasing. The coupling capacitor, C,, also acts to 
keep the bias at a relatively constant level, instead of varying with the 
pulses of grid current. This method of obtaining bias has a decided ad- 
vantage in its ability to minimize variation in output power with changes 
in the amplitude of the exciting voltage. For example, should the exciting 
voltage decrease, the grid will be driven somewhat less positive with a 
resulting decrease in grid current. The decreased grid current will result 
in less bias voltage being developed across Rg. The average plate power 
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Fig. 4.46(b). Tetrode Class-C R-F power amplifier 
with grid-leak bias. 


RF INPUT 


Fig. 4.46(¢). Class-C R-F power amplifier with two tetrodes 
in parallel. 


input will increase and the output power will remain relatively un- 
changed. 

(c) For the diagram see Fig. 4.46(c). 

One method of obtaining more power from a given amplifier is to 
employ two tubes in parallel. The power thus obtained approximates 
twice the power obtainable from a single tube of the same type. Although 
the circuit may appear to be exactly the same, except for the additional 
tube, the voltage and current relations are different. For example, the 
tank circuit now must be proportioned to present approximately one-half 
of the original impedance to the plates of the tubes. Similarly, since the 
grids are effectively drawing twice as much rectified current, the driving 
or exciting source now will be looking at a load impedance approxi- 
mately one-half of the original and will be required to deliver about twice 
as much exciting power as formerly. 

(d) For the diagram see Fig. 4.46(d). 

This circuit is essentially the same as for the amplifier described in 
(c) above, except that the tubes are arranged in series or push-pull. This 
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Fig. 4.46(d). Class-C R-F power amplifier with two 
tetrodes in push-pull. 


arrangement has the advantage of reducing the even harmonic content 
in the output. This is obtained with added circuit complications to assure 
symmetry of drive, of load sharing and symmetry of output. 

Of interest in this circuit is the manner in which bias is obtained from 
two sources—grid-leak and cathode bias. This has the advantage of re- 
stricting the flow of plate and screen currents to safe levels should the 
excitation voltage fail, with resulting loss of grid-leak bias. 

(e) See Q. 3.125) (See also Q. 3.128.) 

(f) See Q. 3.125. (See also Q. 3.128.) 

(g) See Q. 3.131. (See also Q. 3.132.) 

(h) See Q. 3.129. (See also Q. 3.130 and Q. 3.132.) 

(i) See Q: 3.124. 


Q. 4.47. Explain in a general way how radio signals are transmitted 
and received through the use of amplitude modulation. 


A. In amplitude modulation, the instantaneous amplitude of a radio 
frequency wave is varied in direct proportion to the instantaneous am- 
plitude of the intelligence to be transmitted. Such a wave, after being 
intercepted by the receiving antenna, is amplified and rectified by the 
radio receiver. The output of the rectifier, or detector, being directly 
proportional to the amplitude of the signal input, varies in amplitude in 
the same manner as the original intelligence and is therefore a true re- 
production of such intelligence. 


D. See Q. 3.138 through Q. 3.142. See also Q. 3.145, Q. 3.148, Q. 
3.149, Q. 3.151, and Q. 4.89(a). For AM receiver operation, see Q. 3.155 
through Q. 3.157, and Q. 3.16]. 


Q. 4.48. In amplitude modulation, what is the relationship of side- 
band power, output-carrier power and percent modulation? Give an ex- 
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ample of a problem to determine sideband power if other necessary in- 
formation is given. 


A. The amount of power contained in the sidebands of an amplitude- 
modulated wave can be found with the aid of the following relationship: 
2 


m 
Pop = —57P 
ip ce be 
where: Px,» = sideband power 
P, = carrier power 
= degree of modulation 
= percent modulation/100 


For example, a transmitter having a carrier output power of 10 kW 
is modulated 40%. Determine the amount of power in the sidebands. 
Using the above relation, we have: 

__ 0.40? 0.16 


Pace 5 x re Gh aks 10 = 0.08 & 10 = 0.8 kW or 800 watts 


D. See Q. 3.142, Q. 3.148, and Q. 3.149. 


Q. 4.49. What is carrier shift? How is it measured? Show by a cir- 
cuit diagram one method of measuring carrier shift. 


A. (a) “Carrier shift” occurs when the relative amplitudes of the 
positive and negative modulation peaks are unsymmetrical. The shift is 
one of amplitude and not of carrier frequency. 

(b) Carrier shift is measured by determining the average value of the 
unmodulated and modulated transmitted wave as explained in (b) of 
the discussion. 

(c) For the diagram, see Fig. 4.49. 


D. (a) For a discussion of “carrier shift” see Q. 3.147(b). 
(b) Refer to Fig. 4.49. The inductance of L is coupled to the transmit- 
ter stage it is desired to monitor and the degree of coupling is adjusted 


Fig. 4.49. Test equipment to detect carrier shift. 
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until 1/-scale reading is obtained on the 0-1 mA meter. The transmitter 
is now modulated and the meter observed. If no carrier shift or over- 
modulation exists, the needle will remain stationary. If the meter read- 
ing increases, there is positive carrier shift present, and if it decreases, 
there is negative carrier shift present. 

(c) For a standard AM broadcast station, the carrier shift is nor- 
mally measured at 25%, 50%, 75%, and 100% modulation. The mea- 
surement is performed with a 400-hertz tone for the audio modulation. 
The maximum permissible percentage of carrier shift at any of the above 
modulation percentages is 5%. This is determined by the degree of 
carrier-shift meter change (if any) between the unmodulated and the 
modulated conditions. 

For example, if the meter reads 0.5 mA in the unmodulated condition 
and then reads 0.475 mA during modulation, this represents a 5% change 
and denotes a negative carrier shift of 5%. 


Q. 4.50. Explain the direct and indirect methods of calculating oper- 
ating power of broadcast stations. Give an example of each method. 


A. With the direct method of calculating the operating power of a 
broadcast station, the r-f output current of the transmitter is squared 
and then multiplied by the effective resistance of the antenna system. 
That is, the output power is determined by the following relation: 


2 
Poutput rt Liat x Rant 


For example, a transmitter delivers 10.0 r- amperes to an antenna 
load of 500 ohms. The power output 1s: 


Poutput = 10? X 500 = 50,000 watts or 50 kW. 


Another method often used is called the indirect method in which the 
output power is determined by the product of plate volts, plate amperes 
and the plate efficiency of the final or output amplifier. For instance, a 
transmitter uses a Class-B r-f linear power amplifier as the final stage 
with a plate carrier efficiency of 31%. With an applied plate voltage of 
20,000 volts, 8.2 amperes of d-c plate current are indicated by the total 
plate ammeter. The carrier power output of the transmitter is found by: 


Poutput = Ep X Ty X Eff = 20,000 X 8.2 X 0.31 = 50,000 watts or 50kW 
D. See Q. 4.64, Q. 4.90(i), Q. 4.90(k), and Q. 4.102. 


Q. 4.51. In relation to the safety of the radio operator, explain the 
function of: 

(a) interlocks 

(b) circuit breakers 

(c) bleeder resistors 
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A. (a) Interlocks are switches applied to access doors, grilles, etc., of 
transmitting equipment. These interlocks are arranged to be mechani- 
cally operated and thus shut off the power supply to the transmitter if 
such doors, etc., are opened by the operator without first turning off 
the power. In this manner, the operator is protected against coming into 
contact with current carrying conductors and components. 

(b) Primarily, circuit breakers are designed to protect electrical equip- 
ment from being damaged by excessive currents. The protection of the 
radio operator is only a very remote function of the breakers. Such pro- 
tection as afforded the operator would be possibly the prevention of fire 
which could occur should excessive currents flow in equipment not pro- 
tected by such breakers. 

(c) The function of bleeder resistors is to remove or bleed the charge 
from filter capacitors when a transmitter is shut down. Such capacitors 
are rendered safe and the operator is protected from electric shock should 
he contact them in the performance of maintenance or repair on a shut- 
down transmitter. 

It should be emphasized at this point that while the above facilities 
are for the protection of the operator, he should not depend on them. If 
maintenance or repair duties necessitate working on interior parts of the 
transmitter, the operator should safeguard himself by first grounding any 
part he must touch and thus render it harmless. 


Q. 4.52. Explain the methods of cleaning relay contacts. Why is it 
necessary that the original contact shape is maintained? 


A. If the relay contacts are not pitted, but merely oxidized or tarnished, 
it is best to clean them with a burnishing tool which removes only a very 
minute amount of contact material. Such a tool is in reality an extremely 
hard metal that has been sandblasted to produce microscopic roughness. 

If the contact faces are pitted, it is then necessary to remove the rough- 
ness with a metal file that has been used for no other purpose. The con- 
tact faces should be restored to their original shape and condition with 
the removal of as little material as possible. Removing such small amounts 
of material assures the longest service life possible for the relay under the 
existing operating conditions. It is important that the original shape of 
the contact faces be preserved as this has been designed to give the best 
operation and the longest service life for the relay. For instance, a relay 
carrying heavy currents will have flat contact faces to obtain the greatest 
cross-sectional area and hence minimum resistance to current fow with 
attendant lowest heating of the contacts. Some relays have crowned or 
domed contacts to achieve maximum unit pressure between contacts. In 
any event, keeping the original contact shapes helps realize better opera- 
tion from the relay. 
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Q. 4.53. Explain the operation of the following relays: 
(a) overload 

(b) time-delay 

(c) recycling 


A. (a) The coil of an overload relay carries current under normal 
operating conditions, but the value of the current is insufficient to cause 
the relay to operate. Should the value of current exceed a pre-determined 
amount, the relay will operate and interrupt the source of current. Such 
relays are quite often used in the plate circuits of vacuum tubes and are 
adjusted to operate when the plate current exceeds a safe maximum value. 

(b) In large vacuum tubes and in mercury-vapor rectifiers it is neces- 
sary that the filaments of such tubes have sufficient time to reach oper- 
ating temperature and stability before the other electrode voltages are 
applied. Special relays, called time-delay relays, are activated at the mo- 
ment of applying filament voltage, but through mechanical clockwork, 
hydraulic pistons or pneumatic bellows systems, do not actually close their 
contacts until after a definite time has elapsed. This delay time is nor- 
mally adjustable to suit the desired operating conditions. After the con- 
tacts have closed, relays controlling the other electrode voltages may be 
operated. These latter relays usually have their coil currents routed 
through the time delay relay contacts. 

(c) In some applications, overload relays will operate because of a 
transient or temporary overload. In such cases no harm will be done to 
the transmitter if the power is immediately re-supplied to the transmit- 
ter. To keep the outage time to a minimum, the overload relays are often 
arranged to automatically reclose or recycle. Such relays are normally 
arranged to recycle two or three times. If the overload continues, the re- 
lays are set to remain open until manually reset. 


Q. 4.54. Draw a circuit diagram of a complete radiotelephone trans- 
mitter composed of the following stages: 

(a) Microphone input connection 

(b) Preamplifier 

(c) Speech amplifier 

(d) Class-B modulator 

(e) Crystal oscillator 

(f) Buffer amplifier 

(g) Class-C modulated amplifier 

(h) Antenna output connection 

Insert meters in the circuit where necessary and explain, step-by-step, 
how the transmitter is tuned. 
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A. For the diagram, see Fig. 4.54. 

The transmitter may be tuned by the method outlined in the follow- 
ing steps: 

1, Turn en all filaments and heaters in the transmitter. 

2. Activate the bias supply for the modulator. 

3. Apply plate voltage to the oscillator and adjust the oscillator plate 
inductor (L1) tap to a position giving minimum indication on M-1. 
Move the tap one position closer to the plate end of inductor. 

4. After checking for a grid current indication in the buffer by M-2, 
apply plate, screen and suppressor voltages to the buffer and immediately 
adjust buffer tank inductor for a minimum reading on M-2, and maxi- 
mum reading on power amplifier grid meter, M-3. 

5. Measure frequency of transmitter. If not correct, make necessary ad- 
justments by means of the trimmer capacitor across crystal (Cr). 

6. Adjust the power amplifier tank inductor (L3) for a maximum 
indication of r-f current as shown by ammeter in the output. It is as- 
sumed that the transmitter is connected to its antenna system. 

7. Adjust neutralizing inductor, Ly, for minimum r-f current. 

8. Adjust the buffer tank inductor (L2) for maximum r-f current. 

9. Repeat steps 6, 7 and 8 until the r-f current shown by the ammeter 
is zero or at a minimum. 

10. Adjust the bias potentiometers (R1, R2) on the modulator for 
maximum bias to the modulator tubes. 

11. Apply plate voltage to the power amplifier and immediately ad- 
just its tank inductor (L3) for minimum plate current as shown on 
ammeters M-4 and M-5. R-f current at this point should be at a max- 
imum and of normal expected value. 

12. With input level control set to minimum, apply plate voltage to 
the preamplifier and speech amplifier and screen and suppressor voltages 
to the modulator. 

13. Adjust the bias- potentiometers in the modulator so that the 
modulator tubes draw normal and equal plate currents as indicated 
by ammeters M-7 and M-8. 

14. Check the cathode current of the speech amplifier to see that it is 
within expected values. 

15. Apply a 1000-hertz tone to the input of the preamplifier in place 
of the microphone and increase the input level slowly while observing 
the modulation envelope with an oscilloscope. Observe all ammeters in 
the power amplifier and modulator to see that they stay within expected 
values while modulation is increased to 100°%. 

16. Note modulation envelope and see if troughs of modulation reach 
the zero axis at 100°% modulation. If not, slightly readjust neutralizing 
inductor (Ly) until troughs reach zero. At each change of Ly, readjust 
buffer and power amplifier tank inductors for resonance. 
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17. Check to see if both modulator tubes are drawing equal cathode 
currents. If not, readjust bias potentiometers until they do. 
18. The transmitter may now be considered tuned. 


Q. 4.55. Show by a circuit diagram two methods of coupling a stan- 
dard broadcast transmitter output to an antenna. Include a provision for 
impedance matching, attenuating harmonics, and guarding against 
lightning damage. 


A. For the diagrams, see Fig. 4.55. 
D. (a) The T-type network, shown in Fig. 4.55(a), is a low-pass 


type. As in any low-pass filter, it discriminates against frequencies above 
its desired pass band. Therefore, this network discriminates against har- 
monic frequencies. The T-network is adjusted to provide a correct im- 
pedance match between the coaxial transmission line and the broadcast 
antenna. See also Q. 4.56 for the adjustment procedure. 

(b) Fig. 4.55 (b) illustrates an L-type of coupling network with an 
adjustable inductance (L1) for impedance matching. Since Ll and C2 
constitute a low-pass filter, harmonics are discriminated against. The 
static-drain choke (RFC 2) is used to bleed off static-atmospheric charges 
from the antenna tower as well as from the induced energy from nearby 
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Fig. 4.55. (a) Simple schematic of a low-pass T-type coupling network 

between a coaxial line and a broadcast antenna; (b) schematic of an 

L-type coupling network to a broadcast antenna, including provision 
for arc suppression. | 
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lightning discharges. Its presence also prevents false operation of the 
arc-suppression relay, whose operation is now explained. 

High-voltage flashovers may take place in a transmission line or 
coupling network in the presence of lighting flashes. While not too im- 
portant in themselves, such flashovers may result in an r-f arc being 
formed which will be of a sustained nature because of the power being 
supplied by the transmitter. Considerable damage may occur to the 
transmission line, or coupling network, by continuous arcing and it is 
the function of the relay circuit to prevent this. Note that +30 volts is 
applied to one end of the relay coil, the other end of which connects 
through RFC | to the inner conductor of the transmission line. Capacitor 
C3 prevents a d-c path to ground for this voltage. If a flashover occurs, 
the arc will form a return path to ground for the +30 volts through the 
relay. The relay will become energized opening the contacts and in- 
terrupting the transmitter output power. At this time the arc is rapidly 
extinguished and the relay again de-energized. Actually, the program 
interruption is of such short duration as to be unnoticeable. The voltage 
drop in the arc is about 15 volts; the balance, or 15 volts is available to 
operate the relay. 


Q. 4.56. Explain the method of adjusting a “T” network of two 
tunable coils and a fixed capacitor in order that a standard broadcast 
station operating at 1340 kHz will be properly coupled to its antenna. 


A. See Fig. 4.55(a). This T-coupling network may be adjusted as 
follows: 

(a) The input impedance of the antenna is measured at the exact 
operating frequency. This may be done with a shielded r-f bridge 
normally used to make antenna measurements. 

(b) Connect the T-coupling network to the antenna, but do not con- 
nect the transmission line to the network. 

(c) Assume the input impedance of the antenna to be 30 ohms of 
resistance and 30 ohms of capacitive reactance. Assume the transmission 
line to have 70 ohms impedance. 

(d) The reactance of L1 (Xz) and L2 (Xr2) may be found from 
the following: 

Xr a5 ae \/RIR2 
Xre =+ \/RIR2 
where: — RI = transmission line impedance 
R2 = antenna resistance 


Therefore 
Xr = Xp2 = 30 X 70 = 1/2100 = +45.9 


(e) Since the antenna has a capacitive reactance of —30 ohms, this 
must be added to the reactance of L2 which tunes with the antenna re- 
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actance. Therefore, using the bridge, adjust L2 for a reactance of 1340 
kHz of 45.9 + 30, or 75.9 ohms. This cancels the effect of the antenna’s 
capacitive reactance which otherwise would cause a high VSWR and 
poor efficiency. 

(f) Adjust Li for a reactance at 1340 kHz of +-45.9 ohms. 

(g) If the common shunt capacitor, C1, is variable, it should be ad- 
justed to —45.9 ohms at 1340 kHz. 

(h) With the transmission line disconnected, connect the bridge to the 
input of the T-coupling network. An impedance of 70 ohms should be 
read. Minor touch-up adjustments may be made to achieve this. 

(i) Connect the transmission line and make a final low-power check 
as described in the discussion. If this is normal, full power may be ap- 


plied. 


D. The T-network provides two primary functions: 

(1) To match the impedance of the transmission line to the antenna. 

(2) To tune the antenna to the required resonant frequency (in this 
case 1340 kHz). 

The use of two series inductances permits one (L1) to be used to 
terminate the transmission line and the other (L2) to be used to match 
the antenna circuit. The shunt capacitor (C1) is common to both circuits 
and its value is determined solely by the operating frequency. In tuning 
the antenna, L2 is made to resonate with the antenna reactance. L1 is 
adjusted afterward to match the resistance of the transmission line to 
the resistance of the antenna. 

A check of the matching condition may be made with the aid of two 
low-range r-£ thermocouple ammeters. One meter is inserted at each 
end of the ungrounded coaxial conductor. Low r-f power is fed to the 
line, sufficient to cause the meters to provide good readings. If the tuning 
is proper, the meter readings will be within approximately 15 percent 
of each other. 


Q. 4.57. Define field intensity. Explain how it is measured. 


A. (a) Field intensity is a measure of the strength of a radio wave at 
any given point. 

(b) Field intensity is measured in millivolts or microvolts per meter. 

A common method of measuring field intensity utilizes a sen- 
sitive receiver, a standard signal generator and a loop antenna. The 
loop is connected to the receiver and oriented to give maximum re- 
ception. The receiver gain is adjusted to give a convenient reading on 
a microammeter which is inserted in the second detector circuit, The 
loop is now rotated so that no signal is received and a voltage from 
the signal generator is introduced in series with the loop. The signal 
generator is adjusted to the same frequency as the incoming signal 


404 Radio Operator's License Q and A 


and the generator output is varied until the receiver output indication 
is the same as it was when receiving the incoming signal. The signal 
generator output voltage is now measured with a suitable vacuum tube 
voltmeter and this reading, in conjunction with the effective antenna 
height (given in calibration data with the receiver), is the equivalent 
field strength indication. 


D. (a) See Discussion (a) of Q. 3.203. 
(b) See Discussion (b) of Q. 3.203. 


Q. 4.58. Cathode-ray oscilloscopes are frequently used to register 
percentage modulation. Sketch the visual displays of 

(a) 0% modulation. 

(b) 50% modulation. 

(c) 100% modulation. 

(d) 120% modulation. 


A. See Fig. 4.58(a). 


D. Additional trapezoidal waveforms illustrating modulation per- 
centage indications on an oscilloscope are shown in Fig. 4.58(b). 
The percentage of modulation may be calculated from: 
B—A 
of = S100. 
CUD aa my 
Q. 4.59. Explain, in a general way, how radio signals are trans- 
mitted and received through the use of frequency modulation. 


A. In a frequency-modulation system, the frequency of the carrier 
wave is varied in proportion to the strength of the modulating signals. 
The rate of frequency deviation is at the frequency of the modulating 
wave. In an FM broadcast station, the amount of frequency deviation 1s 
limited to +75 kilohertz and the modulating frequency to approx- 
imately 15,000 hertz. The FM signals are received by a resonant antenna 
and conveyed to the receiver. The receiver is normally a superheterodyne, 
which is in many respects similar to an AM receiver. Major differences 
are found in the limiter, which reduces noise interference, and the de- 
tector, which must respond to frequency variations rather than amplitude 
variations. The FM detector reproduces the original modulating wave 
from the frequency variations of the carrier wave. 


D. (a) See Q. 3.162 through Q. 3.169. 
(b) For receiver operation, see Q. 3.177 and Q. 3.178. 


Q. 4.60 Draw a circuit diagram of a reactance-tube modulator and 
explain its operation. 
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Fig. 4.58(a). Cathode-ray displays of modulation. 
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Fig. 4.58(b). Trapezoidal patterns of modulation. 


A. For diagrams and complete discussion, see Q. 3.162. 


D. A simplified block diagram of a reactance tube modulated FM 
transmitter is shown in Fig. 4.60. Frequency multipliers are needed in 
this system since the reactance tube is not capable of providing sufficient 
modulation directly. Another benefit derived from the use of frequency 
multiplication is the operation of the master oscillator at a comparatively 
low frequency. This makes it possible to obtain better frequency stability. 


REACTANCE R-F 
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Fig. 4.60. A simplified block diagram of a reactance tube 
modulated FM transmitter. 
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Q. 4.61. What is the difference between frequency and phase modul- 
ation? 


A. (a) In frequency modulation (FM), the instantaneous frequency 
of the carrier wave is caused to deviate in proportion to the amplitude 
of the modulating wave. 

(b) In phase modulation (PM), the instantaneous phase of the carrier 
wave is shifted in proportion to the amplitude of the modulating wave. 


D. In actuality, the difference between FM and PM is not as sharply 
defined as might be imagined. In the process of directly varying the car- 
rier frequency, the phase is indirectly changed. Conversely, when directly 
varying the phase of the carrier, the frequency is indirectly changed. 
Because of this interrelation, both FM and PM are referred to as fre- 
quency modulation. In fact, the original Armstrong “FM” system was 
actually one of phase modulation (see Q. 4.62, following). An FM re- 
ceiver is unable to differentiate between FM and PM and reproduces 
both equally well. 


Q. 4.62. Describe briefly the operation of the Armstrong and phasi- 
tron methods of obtaining phase modulation. 


A. A block diagram of the Armstrong method of obtaining phase 
modulation is shown in Fig. 4.62(a). Figure 4.62(b) gives a vectorial 
representation of the relationships of the recombined carrier and side- 
bands. In this system, the output of a balanced modulator, which con- 
sists of two sidebands and no carrier, is recombined with the carrier 
which has had its phase shifted by 90°. The wave resulting from this 
recombining, as shown by the vector diagrams, has its instantaneous 
phase shifted in accordance with the modulating signal’s amplitude. 

A block diagram of a transmitter employing the phasitron method of 
obtaining frequency modulation is shown in Fig. 4.62(c). In this 
system, a special tube called a phasitron, employs within its envelope 
three beam-deflecting anodes in addition to the usual control, screen 
and suppressor grids. These deflecting anodes are energized by a three 
phase carrier as shown in the diagram. Surrounding the complete en- 
velope of the tube and co-axial with it, is an inductance coil energized 
with the modulating signal. 

As a result of the field formed within the tube by the inductor and 
the three-phase carrier both acting on the electron stream, a frequency 
modulated output is obtained. To achieve phase modulation rather than 
frequency modulation, the audio input to the modulating section may 
be routed through a network whose response is directly proportional to 
frequency. 


D. See Q. 4.59 through Q. 4.61. 
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Fig. 4.62. (a) Block diagram of the Armstrong method of 
obtaining phase modulation. 
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Fig. 4.62. (b) Vectorial representation of Armstrong-phase 
modulation. 
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Fig. 4.62 (c). Block diagram of an FM broadcast transmitter 
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Q. 4.63. What is the purpose of pre-emphasis in an FM transmitter? 
Of de-emphasis in an FM receiver? Draw a circuit diagram of a method 
of obtaining pre-emphasis. 


A. (a) For pre-emphasis, see Q. 3.163, Discussion (b). 
(b) For de-emphasis, see Q. 3.163, Discussion (c). 
(c) For pre-emphasis circuit diagram, see Fig. 3.163(a). 


Q. 4.64. What is effective radiated power? Given transmitter power 
output, antenna resistance, antenna transmission line loss, transmitter 
efficiency and antenna power gain, show how ERP is calculated. 


A. (a) Effective radiated power is the power actually delivered to 
the antenna, multiplied by the power gain of the antenna in the direc- 
tion of interest. ; 

The power delivered to the antenna is the transmitter-output power 
less the power lost by the transmission line connecting the transmitter to 
the antenna. The power gain of the antenna and the transmission line 
losses are usually expressed in decibels (dB). The power gain of the an- 
tenna system includes the transmission line; the transmission-line losses 
in dB are subtracted from the antenna-power gain in dB. 

The simplest method of calculating the ERP is to convert the dB power 
gain of the antenna system into a power ratio and multiply the transmit- 
ter power output by this ratio to find the ERP. 

(b) For example, assume a transmitter with a power output of 10.1 
kW feeds an antenna with a power gain of 24.6 dB via a transmission 
line with a loss of 1.6 dB. 

The power gain of the antenna hanes is 24.6-1.6 or 23.0 dB. Using 


the relationship, dB = 10 log a we can find that the transmitter’s 


power output will be multiplied by 200 times. The ERP is 10.1 & 200 
or 2020 kW. 


D. See Q. 4.50. 


Q. 4.65. What type of antenna site is technically best for an AM 
broadcast station? For an FM broadcast station? For a VHF television 
station? For a UHF station? 


A. Since the ground or earth plays an important part in the operation 
of the Marconi type of antenna normally used for AM broadcast stations, 
it is best to choose an antenna site that is reasonably level and that has 
very good ground conduction (low resistance). These requirements 
are best met by salt meadows or swamps. See also Q. 4.70. 

For VHF television, FM broadcast and UHF television stations, 
propagation of radio waves are effective for not much greater distances 
than line of sight. Because of such characteristics, the best location for 
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antennas for these services is the highest point in the area to be served. 
This will give maximum area of coverage. 


D. See Q. 4.70. 


Q. 4.66. How does a directional antenna array at an AM broadcast 
station reduce radiation in some directions and increase it in other direc- 
tions? 


A. The following example is given for two vertical antennas spaced 
180 degrees and having equal currents in phase. 

Refer to Fig. 4.66. The two vertical antennas are spaced 180 degrees 
apart. This is also equivalent in time to one half cycle of the exciting 
r.f., or in distance, one half wavelength. That is to say, in the interval 
of time required for a radio wave to traverse the distance from antenna 
A to antenna B, the sine wave will have completed one half or 180 
degrees of a cycle. As shown in the diagram, the currents to each an- 
tenna are of equal magnitude and are in phase. Let us assume first that 
the wave has left antenna A and is proceeding toward antenna B. 
This motion takes place along a straight line. By the time this wave 
arrives at antenna B, 180 degrees later, the exciting current for anten- 
na B has changed by 180 degrees and the wave now radiated by an- 
tenna B is exactly 180 degrees out of phase with the wave that has 
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Fig. 4.66. The combining action of two waves coming from 
vertical antennas spaced 180 degrees apart. 
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just arrived from antenna A. Thus the two waves completely cancel in 
the direction leading away from antenna B. A similar action takes 
place in the direction from antenna B to antenna A. That is, by the time 
the original wave from antenna B arrives at antenna A, the exciting 
current of antenna A has changed by 180 degrees and again the two 
radiated waves will cancel out in the direction leading away from an- 
tenna A. Thus it is seen that the radiation along a line connecting the 
two antennas will always be zero. On the other hand, if we take two 
points such as X and Y, it may be seen that the two radiated waves 
must always arrive together at these points in phase and so are additive. 
This causes maximum radiation to take place in the direction XY. 


Q. 4.67. What factors can cause the directional antenna pattern of an 
AM station to change? 


A. The erection of structures containing significant amounts of metal 
within the induction field of an AM antenna or antenna array is very 
likely to cause a change in the directional pattern of the array, especially 
if the metallic members of the structure have lengths that are not 
negligible in comparison with the wavelength of the station’s radiation. 

In antenna arrays, where the directional pattern depends upon the 
current and phase relations in the several elements, the directional pat- 
tern is affected by changes in temperature and humidity. Both of these 
cause changes in element tuning and the phase-shifting networks and 
lines feeding the elements. It is a design object to make the system suf- 
ficiently stable and noncritical to reduce these effects to a minimum. 


D. See Q. 4.66 and Q. 4.70. 


Q. 4.68. What adjustable controls are normally provided at an AM 
broadcast station, to maintain the directional pattern? 


A. The controls normally provided at an AM broadcast station for 
pattern maintenance can logically be divided into two categories—cur- 
rent and phasing. 

The control of current to the individual antenna elements is very 
often managed by adjustable tapping points on the tank inductor of the 
transmitter. 

The control of the phase of the currents being fed to the individual 
elements is usually accomplished by variable inductors in the phase- 
shifting networks in the individual element feeds. In the cases where the 
phase-shifting is done before the currents enter the transmission lines, 
the adjustments can be accomplished by manual means. Very often, these 
networks may be located in small structures at the base of the towers 
that are used as antenna elements. In this case, the adjusting of the 
variable inductors is generally accomplished by motors controlled from 
within the transmitter building. 
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To assist in the adjustment of the pattern, metering provisions are 
normally made with pick-up loops at the individual elements. These 
meters indicate the magnitude and phase of the currents in the trans- 
mitter building fed by these pick-up loops. 


D. See also Q. 4.65 through Q. 4.67. 
Q. 4.69. Define polarization as it refers to broadcast antennas. 
A. See Q. 3.203, part (e) of the answer and discussion. 


Q. 4.70. What is the importance of the ground radials associated with 
standard broadcast antennas? What is likely to be the result of a large 
number of such radials becoming broken or seriously corroded? 


A. (a) The ground radials act as a good conducting ground and 
reduce possible ground-resistance losses to a minimum. 

(b) In general, broken ground conductors will decrease the efficiency 
of the antenna system; the antenna resistance may be varied and the 


radiation pattern changed. 


D. The most important losses in an antenna system occur in the 
conductors, insulation, antenna tuning inductance and in the ground. 
The largest of these losses usually occurs in the ground. The ground 
acts as the second plate of a capacitor with the antenna acting as the 
other plate and the air as the dielectric. The charging currents for this 
capacitor must return through the earth to the ground point at the 
transmitter proper. Since the earth is generally a poor conductor, other 
means must be found to return these currents to the transmitter ground 
point. One method often used is to bury wires near the surface of the 
earth to provide a good conducting path to the transmitter ground 
point. The system usually consists of a large number of radial wires 
with a good earth termination for each wire. Such wires are generally 
more than a half-wavelength long. It has been determined that the 
longer such wires are made, the stronger the ground signals will be 
for a given power input. 


Q. 4.71. Explain the operation of the image-orthicon camera tube. 
Include in your explanation a schematic diagram of the tube which 
shows focusing and scanning details. 


A. For a sketch of the image-orthicon tube, see the diagram of Fig. 
4.71. The operation of this tube follows. In analyzing the operation of 
this tube, it is convenient to divide it into three sections; the image sec- 
tion, the scanning section and the electron multiplier section. 

(a) Image Section: The illumination from the televised scene 1s 
focused by the camera-lens system upon the semi-transparent photo- 
cathode surface, which is mounted just inside of the tube face. The 
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Fig. 4.71. Sketch of the Image-Orthicon television camera tube. 


photocathode emits electrons whose intensity is a function of the in- 
tensity of the light impinging on each portion of its surface. Thus, in 
effect an “electron picture” is emitted from the inner surface of the 
photocathode. Behind the photocathode, is an electron-accelerator grid 
(No. 6) and a thin-glass target, in front of which is mounted a very 
fine wire-mesh screen. The photocathode is at a high negative potential 
with respect to the glass target. The screen, on the other hand, is slightly 
positive with respect to the glass target. The “electron picture” is ac- 
celerated through the screen and strikes the glass target, causing second- 
ary emission from the target. This secondary emission is collected by the 
screen, leaving a positive charge pattern on the face of the glass which 
corresponds to the picture-light pattern. The brighter the original light, 
the more positive is the charge. Because the glass is very thin, the charge 
pattern is easily transmitted to the rear of the target. The electron focus 
in the image section is maintained by the ring grid (No. 6) and the 
field of the focusing coil. 

(b) Scanning Section: The electron gun (near the rear of the tube) 
produces a low-velocity electron beam which is focused by the focusing 
coil and grid No. 4. The beam is aligned along the axis of the tube by 
the alignment coil (located just forward of the electron gun). Horizontal 
and vertical beam deflection in the standard scanning pattern is pro- 
duced by the horizontal and vertical deflection coils. As the beam ap- 
proaches the rear of the glass target, the potential of grid No. 5 causes 
it to decelerate to a very low velocity. As the beam scans the target, it 
encounters areas of negative, zero, and positive charges. When the beam 
encounters areas of negative or zero charge, it is repelled and returns to 
the electron gun. If the beam encounters areas of positive charge, enough 
electrons are removed from the beam to neutralize the charge. Thus, 
the brighter the original scene, the more positive will be the charge and 
the greater the number of electrons given up by the beam. The re- 
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maining electrons are repelled and return to the electron gun. The re- 
turn electron beam becomes amplitude modulated in accordance with 
the picture information. The nature of the return beam is such that 
minimum current is returned for bright picture areas and maximum 
current for dark picture areas. 

(c) Electron Multiplier Section: This section operates on the principle 
of secondary emission and consists of a multiplier-focus grid (No. 3), 
five multiplier dynodes (electron-multiplier electrodes) and a signal- 
collecting plate. The returning modulated beam strikes the first dynode, 
which is actually grid No. 2 and releases secondary electrons several 
times as intense as the original beam. In similar fashion, the electron 
beam strikes each of the other dynodes, each time obtaining an electron 
multiplication caused by secondary emission. The total electron multi- 
plication is several hundred times. As a result, the output-signal level 
is in the order of several microamperes and is well above the noise level 
of the first-video amplifier. Because of this, the amplifier noise is not a 
limiting factor in picture reproduction and a high quality, high defini- 
tion picture is obtained. 


Dee oce 0), 4.72. 


Q. 4.72. What are the advantages and the disadvantages of the Vidi- 
con TV camera tube in comparison to the Image-Orthicon tube? 


A. Figure 4.72 shows a cross section of the Vidicon-television camera 
tube. 


HORIZONTAL AND 
VERTICAL DEFLECTING 
COILS 


FOCUSING COIL 


ALIGNMENT COIL 
Bes — GRID No. 2 


GRID No. | 
CATHODE 


GLASS FACEPLATE 
GRID No.5 


LENS 


Wt 


BABAAQAAVW™.Baa 


SVAQAAAANANRANAAN GRID No. 3 
GRID No.4 


SIGNAL-ELECTRODE CONNECTION 
SIGNAL ELECTRODE AND PHOTOCONDUCTIVE LAYER 


Bigs 4.7 2. Sketch of the Vidicon television camera tube. 
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(a) Advantages of the Vidicon compared to the Image-Orthicon are: 

(1) Small size. 

(2) Less weight. 

(3) Simpler tube construction. 

(4) Fewer tube accessories and simpler circuits (for some models). 

(5) Ruggedized (some models) to withstand severe shock, vibration 
and humidity. 

(6) Low power input (some models). 

(7) Adapted for use with transistorized cameras. 

(8) Excellent for industrial use and closed-circuit TV, because of 
above. 

(9) Presently preferred for studio, color and black and white TV 
cameras. 

(b) Advantages of the Image-Orthicon compared to the Vidicon are: 

(I) Greater amplitude response at the operating-light level. 

(2) Requires less “on the scene” illumination. 

(3) Requires considerably less “on the tube face’’ illumination. 

(4) Excellent signal-to-noise ratio characteristics. 


D. It is difficult to make a direct comparison between the Vidicon 
and Image Orthicon-camera tubes. Each type has a number of models 
having different characteristics for particular applications. Image Orthi- 
cons vary in dimensions from 3 inches to 4.6 inches in diameter and 
from 15.5 to 19.7 inches in length. Vidicons have diameters of 0.58 to 
1.6 inches, and lengths from 3.40 to 8 inches. Although the Image 
Orthicon had been the preferred studio-camera tube, improved Vidicon 
tubes have now made this tube the preferred one. For example, an 
RCA Vidicon (type 8051) having a 1.6 inch diameter and an 8 inch 
length (among other types) is recommended for new studio equip- 
ment. This tube has higher resolution (1200 lines) than most Image 
Orthicons, but is lower in sensitivity. Its amplitude response is equal 
to most Image Orthicons. Another type of RCA Vidicon (C74016) has 
both electrostatic focusing and deflection, thus reducing the size, 
weight and complexity of the camera. This tube has a low power (0.6 
watt) heater, high sensitivity and a resolution capability of about 500 
lines. 

For ultra-compact cameras, for use in industrial applications the RCA- 
type 4427 may be used. This tube is only 0.6 inch in diameter and 
3.4 inches long. It provides 400 line resolution and will produce satis- 
factory pictures with illumination of only 0.2 foot candle on the tube 
face. 

Some idea of the relative sensitivities of a typical Image Orthicon and 
a Vidicon may be obtained from the following example. With a stan- 
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dard illumination of 0.01 foot candle, the signal output of the Image 
Orthicon is about 10 microamperes, while the Vidicon output is about 
0.008 microampere. From this example, the advantage of the Image 
Orthicon in overcoming circuit noise is evident. | 


Q. 4.73. Describe the scanning technique used in United States tele- 
vision transmissions. Why is interlacing used? 


A. (a) A frame is a complete picture containing all necessary 
picture elements. There are a total of 525 horizontal sweep cycles or 
lines in one frame and, therefore, a total of 525 X 30 = 15,750 lines 
per second. Of the 525 lines per frame there are 262.5 lines in each 
field of which about 242.5 lines contain picture information and about 
20 lines do not. These 20 lines are blanked out during the vertical 
retrace interval. At the transmitter and receiver, the scanning process 
may be broken down into four distinct periods. These may be referred 
to as (1) the odd line field trace period, (2) the odd line field retrace 
period, (3) the even line field trace period, (4) the even line field 
retrace period during which no picture information is transmitted, about 
retrace period. The permissible time allowed for each operation is ap- 
proximately as follows: (1) For the even line field trace period during 
which picture information is being transmitted, about 15,417 micro- 
seconds or 242.5 horizontal sweep cycles, (2) for the even line field 
1250 microseconds or 20 horizontal sweep cycles. This period is also 
known as the vertical blanking interval. The even line field trace and 
retrace periods have the same time allowances and the same number of 
horizontal sweep cycles as the odd line field trace and retrace periods. 
Each trace and retrace period constitutes a complete field. There are 
60 of these fields (odd and even) per second. An odd line field plus 


an even line field equals one frame of which there are 30 per second. 


(b) Interlaced scanning is used in order to eliminate flicker from the 
television picture. 


D. (a) The scanning process takes place as follows: A narrow 
beam of electrons is produced and directed upon an image plate in a 
camera tube or a fluorescent screen in a kinescope (receiving) cathode 
ray tube. Due to the presence of various synchronizing pulses, the beam 
at the camera tube and the beam at the kinescope tube are locked in 
step with each other and may be considered to be covering the same 
basic areas of the picture in question, simultaneously. The electron beam 
is acted upon by electromagnetic coils or electrostatic plates in such 
a manner that it is caused to move relatively slowly from left to right 
(trace), during which time picture information is present, and then 
moves quickly from right to left (retrace) in which time no picture 
information is present, as the beam is blanked out. During the left to 
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right movement (in 53.34 microseconds) the beam also is moving 
slightly downwards so that when the retrace takes place (in 10.16 
microseconds) the beam returns at the left hand side of the screen 
slightly below its original starting position, The distance below is 
equal to the width of two lines, since every other line is skipped in 
interlaced scanning. In a similar manner the beam moves across hor- 
izontally and downward until the entire picture area has been covered 
in about 242.5 lines. At this point (beginning of vertical blanking in- 
terval) the screen is blanked out and the beam returns horizontally and 
upwards in about 3 to 5 lines until it reaches the top of the picture, 
This completes one field. The downward scanning process is now re- 
sumed but the beam is now so positioned that it falls into the empty line 
spaces previously left in the preceding field. About 242.5 lines are 
again completed in the downward direction until the beam reaches the 
bottom of the picture. At this time the picture is again blanked out and 
the beam moves horizontally and upwards in about 3 to 5 lines until 
it reaches the top. This completes another field and one frame. This 
sequence of events is repeated at the frame repetition rate of 30 
hertz. 

(b) One of the very important factors in transmitting a television 
signal is the number of complete pictures sent each second. In motion 
picture practice it is common to show 24 frames or pictures per second 
to give the illusion of smooth and continuous motion. However, due to 
the action of a shutter, each frame is shown twice; being blanked out 
for a short period of time and then shown again. Thus to the eye it 
appears that there are 48 pictures per second while in reality there are 
only 24. This optical illusion is necessary in order to eliminate flicker 
from the picture. Flicker refers to a change of light intensity and not 
to motion. Reference is made to electric light bulbs operated from a 25- 
hertz power source. A very noticeable and objectionable flicker may be 
readily observed by watching the bulbs. On the other hand, bulbs oper- 
ating from a 60-hertz source apparently have no flicker at all. To elim- 
inate flicker, the repetition rate should be in excess of 40 pictures per 
second. A system similar to motion picture practice is used in television 
and this is called interlaced scanning. The frame or picture repetition 
rate in television has been standardized at 30 per second. This rate is 
not sufficient to eliminate flicker. Each frame, therefore, has been split 
into two parts called fields. Thus there are 60 fields per second. Instead 
of scanning all of the lines which make up a picture, in sequence, 
every other line is scanned first. This makes up one field. Then, the 
alternate lines are scanned completing the second field and one frame. 
In this way, the illusion of 60 pictures per second is gained and the 
appearance of flicker is eliminated. 


Q. 4.74. Make a sketch showing equalizing, blanking, and syn- 
chronizing pulses of a standard U.S. television transmission. 
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Fig. 4.74. Sketch showing equalizing, blanking, and synchronizing 
pulses of a standard U.S. television transmission. 


A. For the sketch, see Fig. 4.74. 


D. (a) As shown in the figure, six equalizing pulses are present 
on each side of the serrated vertical synchronizing pulses. These equaliz- 
ing pulses serve two important functions: One is to maintain correct in- 
terlacing of the odd and even fields of each frame. This will enable the 
scanning lines of one field to fit perfectly between the scanning lines of 
the following (or preceding) field. Basically, the equalizing pulses per- 
mit the vertical synchronizing pulse to begin at the correct time at the 
end of either odd or even fields. The second function is to maintain a 
continuous string of horizontal synchronizing pulses to the horizontal 
scanning circuit. In Figure 4.74, “H” equals the time from one hori- 
zontal line to the next horizontal line, or 63.5 microseconds. “V” — 
equais the time from the start of one field until the start of the next 
field, or 26214 “H” periods, or 16,667 microseconds. 

(b) In general, the purpose of synchronizing pulses is to maintain 
the correct scanning pattern and to synchronize or lock-in the action 
of the receiving tube (Kinescope) scanning beam with that of the 
camera tube scanning beam. 

There are two types of synchronizing pulses, the amplitude of 
each type being confined to the region between 75% and 100% of 
maximum carrier amplitude. The upper tip of the synchronizing pulses 
is at an amplitude corresponding to 100% and the base of the pulses 1s 
at an an amplitude corresponding to 75%. The horizontal pulses are 
rectangular in shape and extend above the top of the horizontal blank- 
ing pulses (see the figure). They have a width equal to about 5.08 


418 Radio Operator's License Q and A 


microseconds. There is one horizontal synchronizing pulse for each 
horizontal line, or 525 per frame and 15,750 per second. The horizontal 
synchronizing pulse normally occurs at the time when the electron 
beam has progressed to the extreme right hand edge of the picture. 
The pulse acts upon a horizontal multivibrator or blocking oscillator 
type of sweep generator in such a way as to initiate the start of the 
horizontal retrace. 

The vertical synchronizing pulse is somewhat more complicated 
being formed from 6 vertical serrated pulses which are electronically 
added in an integrating circuit to form a single pulse. There is one 
complete vertical synchronizing pulse for every field, or 2 per frame 
and 60 per second. The vertical pulse acts upon a vertical multivibrator 
or blocking oscillator type of sweep generator in such a way as to 
initiate the starting of the electron beam to return to the top of the 
picture from the extreme lower part. 

(c) Blanking pulses are rectangular pulses of short duration used to 
extinguish the electron beam during the retrace, and are of negative 
polarity when applied to the intensity grid of the electron gun at both 
the transmitting and receiving cathode ray equipment. At the end of 
each horizontal line just before the retrace is initiated, the horizontal 
blanking pulse extinguishes the electron beam so that it returns to the 
left side of the picture unnoticed. The horizontal blanking pulse width 
is 10.16 microseconds, and there are 525 per frame or one for each hor- 
izontal synchronizing pulse. When the scanning beam reaches the ex- 
treme bottom of the picture and just prior to the vertical retracing, 
the vertical blanking interval pulse causes the electron beam to be 
extinguished so that the lines moving upward will not be seen. The 
duration of the vertical blanking interval pulse is about 1250 micro- 
seconds and there are 60 per second. 


(d) See also Q. 4.73. 


Q. 4.75. Make a sketch which shows the difference between blank- 
ing and synchronizing pulses used for color and those used for mono- 
chrome. 


A. The monochrome synchronizing and blanking pulses are shown 
in Figure 4.74. The blanking and synchronizing pulses used for color 
are shown in Figure 4.75. 


D. The synchronizing and blanking pulses used for color transmis- 
sion are identical with those used for monochrome television with the 
exception of the addition of the “color burst” synchronizing signal. This 
consists of a short ‘‘burst’’ of the chrominance sub-carrier frequency of 
3.579545 megahertz. This sub-carrier is superimposed on the ‘“‘back 
porch” of the horizontal blanking pulses. This “color burst” signal is 
separated at the receiver and is used, in conjunction with an AFC system, 
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Fig. 4.75. (a) Sketch showing equalizing, blanking and synchronizing 
pulses used for color-television transmission; (b) details of the “color 
burst’ signal on the “back porch” of the horizontal-blanking pulse. 


to synchronize the receiver’s chrominance-subcarrier oscillator to the 
same frequency and phase as the equivalent oscillator at the trans- 
mitter. In this manner the reproduction of colors at the receiver is syn- 
chronized with those produced at the transmitter. 


Q. 4.76. Sketch the amplitude characteristics of an idealized picture 
transmission of a television station in the United States. 


A. For the sketch, see Figure 4.76. 


D. Referring to the accompanying figure, it is seen that a standard 
television channel is 6 megahertz wide. Unlike conventional double- 
sideband amplitude modulation as used for AM-broadcast stations, tele- 
vision picture transmission is accomplished by “vestigial” (partial) side- 
band transmission. Note that while the upper sideband drops to zero, 
4.5 megahertz above the picture carrier, the lower sideband extends 
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Fig. 4.76. Idealized picture transmission amplitude 
characteristic. 


to only 1.25 megahertz. This system permits a greater number of TV 
channels in the allotted frequency spectrum. Since all of the picture in- 
formation is contained in a single sideband, no loss of information takes 
place. 

Both sidebands are normally produced by the modulation process and 
the undesired portion of the lower sideband is eliminated at the trans- 
mitter by a vestigial side-band filter. It is not feasible to eliminate the 
entire lower sideband because of undesirable phase shifts which would 
occur to signals adjacent to the cut-off frequency. At the receiver, the 
1-f response at the picture carrier is at the 50-percent amplitude point 
to compensate for the unequal sidebands. In a color transmission, 
the chrominance subcarrier and its sidebands are caused to modulate 
the picture carrier. The chrominance subcarrier has a frequency of 
3.579545 megahertz and is so indicated in the figure. The aural portion 
of the program is transmitted by FM on a separate carrier which is lo- 
cated 4.5 megahertz above the picture carrier. 


Q. 4.77. For what purpose are reflectometers or directional couplers 
used in TV transmission systems? 


A. Reflectometers are used to: 

(a) Measure standing-wave ratio on the transmission line. 

(b) Measure the relative power output of the transmitter. 

(c) Protect the transmission line against high-voltage surge damage, 
such as a lightning strike on the antenna. 
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D. The reflectometer is used in both the aural and visual transmitter 
output circuits, generally at the input to the transmission line. The re- 
flectometer may consist of special peak-reading vacuum-tube voltmeter 
circuits. Two signal pick-up coils are used to feed energy to the vacuum- 
tube voltmeter. One is oriented to intercept the incident wave going to 
the antenna and the other to intercept the reflected wave from the an- 
tenna. (The incident and reflected currents are 180 degrees out of phase.) 
The two waves are compared to provide a standing-wave ratio. To 
measure the power going to the antenna, the incident-wave circuit is 
used alone. In addition, the reflected-wave circuit may be used to actuate 
a protective device. This device protects the transmission line against 
damage due to high-surge currents and is actuated whenever the return 
current exceeds a specified value. 


Q. 4.78. Explain the operation of a turnstile TV antenna. 


A. A simplified sketch of a turnstile antenna is shown in Fig. 4,.78(a). 
The antenna as used in practice actually consists of two antennas at 
right angles to each other, thus giving the appearance of a turnstile. A 
single section of a turnstile antenna provides a radiation pattern which 
is very similar to two vertically stacked horizontal dipoles. That is; it 
provides a bi-directional pattern (figure 8 pattern) with reduced radia- 
tion in the vertical plane. The single section is sometimes called a “bat- 
wing” antenna and is shown in simplified form in Fig. 4,.78(b). In 
order to provide an omnidirectional pattern for uniform-area coverage, 
two antennas are mounted at right angles and are fed 90 degrees out of 
phase with each other. For greater gain and lower angles of radiation, 
several turnstile antennas may be stacked vertically on a pole. A six 
layer antenna provides a gain over a single layer type of about seven 
times. The turnstile antenna radiates a horizontally polarized wave for 
both picture and sound transmissions. (Receiving antennas are of course 
horizontally polarized.) 


D. A complete discussion of the operation of this antenna is not 
feasible in this book. However, a simplified explanation follows. The 
“bat-wing” antenna is derived from a “slot” antenna and its operation 
is briefly as follows: (See Fig. 4.78(c).) The figure shows a solid con- 
ducting sheet, one-half wavelength high with a slot in its middle sec- 
tion. The antenna is fed at the center points as indicated (with a coaxial 
line). When this antenna is excited, voltage and current patterns are 
set up as shown. Because the currents flow horizontally, radiation takes 
place from both the front and rear of the sheet. At about one-quarter 
wavelength from the slot, the current decreases to a negligible amount. 
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The impedance characteristics and vertical and horizontal-radiation pat- 
terns are similar to those of a conventional dipole. By reducing the 
width of the antenna at the center (see Fig. 4.78(a), above) the vertical 
radiation is decreased. To reduce wind resistance, a framework con- 
struction may be used to replace the sheet without changing the antenna 
characteristics, providing the spaces are a small portion of a wavelength. 
The antenna is fed with a coaxial line. The inner conductor is connected 
to one center point of the slot and the outer conductor to the opposite 
center point. The impedance of the antenna is about 72 ohms at the 
center-feed points. 
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Fig. 4.78. (a) Sketch of a single-layer turnstile antenna; (b) sketch 

of a single “bat-wing"’ section used for a turnstile antenna; (c) solid 

sheet “slot” antenna used in developing the “bat-wing’’ section of a 
turnstile antenna (see text). 
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Q. 4.79. What type of polarization is generally used in the transmis- 
sion of the aural portion of television signals? 


A. Horizontal polarization is used for both the picture and sound 
signals. 


D. Horizontal polarization was chosen as a result of field trials and 
of theoretical analyses. The field trial showed stronger signals were ob- 
tained using horizontal polarization than using vertical polarization. 
Horizontal polarization also reduces the “ghost” problem due to re- 
flected signals. In addition, most man-made noise is vertically polarized 
and horizontally polarized receiving antennas are less susceptible to 
noise pickup. 


Q. 4.80. Why is a diplexer a necessary stage of most TV transmit- 
ters? 


A. The diplexer performs the function of combining the picture 
and sound-transmitter outputs and feeding them to a single antenna. 
At the same time, it prevents cross-feed of either output into the other. 
It also may be used to convert the single-ended (unbalanced) output of 
the picture transmitter to a double-ended or balanced-to-ground output. 
This is necessary to properly feed the antenna load presented to the 
picture transmitter, which is a balanced load. (See also Figure 4.81 
below.) The antenna load presented to the sound transmitter is un- 
balanced and so matches the output of the sound transmitter. 


D. Simultaneous radiation of the picture and sound signals from 
a single antenna is feasible only if the transmission lines and the radiat- 
ing elements are completely decoupled with respect to the opposite 
signals. If this is not done, cross-coupling may introduce the picture 
signal into the sound signal and the sound signal into the picture signal. 
In addition, the tuning of each transmitter would affect the other. 
Isolation in the antenna proper is accomplished by separating the antenna 
into two groups and connecting these in a bridge circuit as explained in 
the following question. The two antenna groups are series-fed, in push- 
pull fashion by the picture transmitter and are shunt-fed, in push-push 
fashion by the sound transmitter. The transmission line system is de- 
coupled by the introduction of reactances in the feed system of the 
sound transmitter. 


Q. 4.81. Draw a circuit diagram of a typical bridge-type diplexer 
used in a television transmitter for the purpose of transmitting both 
video and audio from a turnstile antenna. 


A. For the diagram, see Figure 4.81. 
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D. The feed line from the vestigial-sideband filter of the picture 
transmitter is normally single ended. However, this transmitter (as 
shown in the figure) is connected to the two sets of turnstile antenna 
elements in a balanced fashion. To accomplish this conversion, a “balun” 
(balanced-to-unbalanced) transformer is used. This consists of a quarter- 
wavelength sleeve shorted to the outer conductor of the coaxial line at 
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Fig. 4.81. Schematic diagram of a bridge diplexer for a television 
transmitter. 


one end and open at the output end of the line. A balanced output 1s 
taken from the coaxial line at the open end of the sleeve. In practice a 
symmetrical balanced output is obtained by connecting two baluns back- 
to-back to form a bridge circuit. The circuit will operate either from 
balanced-to-unbalanced loads or vice versa merely by interchanging the 
generator and load connections. The two reactances shown in the figure 
may consist of two, one-quarter wavelength segments of coaxial line, 
measured for the band-center frequency. Although not shown in the 
simplified diagram of Fig. 4.81, the N-S and E-W antenna elements 
are fed 90° out of phase with each other to produce a non-directional 
antenna pattern. 

The turnstile antenna elements represent equal impedances. Also the 
two line reactances are equal. Therefore, the bridge is balanced and 
signals appearing across the feed of one transmitter cannot appear across 
the feed of the other. In addition the turnstile elements are physically 
at right angles and this prevents magnetic coupling between them. 
Thus, the picture and the sound signals are fed simultaneously to a 
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common antenna without cross coupling. For additional discussion, see 
the previous question. 


Note: In some installations an FM-broadcast transmitter may also be 
fed to a TV antenna by an extension oj the diplexer, which 1s called a 
“triplexer.” In this case, no interference to the TV signals (or vice versa) 
is caused by the FM broadcast signal. 


Q. 4.82. Describe how to tune a broadcast antenna by (1) the RF- 
bridge method and (2) the substitution method. 


A. (a) The bridge method of tuning is described in Q. 4.56. 
(b) The “substitution” method of tuning follows. Refer to the sche- 
matic of Fig. 4.82. The “substitution” method may be used if a 
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Fig. 4.82. Circuit for tuning a broadcast antenna by the 
| substitution’ method. 


shielded r-f bridge is not available. The substitution resistance, R;, has 
a resistance equal to the transmission line impedance, commonly 70 
ohms. 

(1) Connect the antenna-matching network unit to the antenna. 

(2) As shown in the diagram, the transmission line ts connected be- 
tween the T,-C, circuit and the substitution-resistor circuit. 

(3) With S, at the R; position, adjust T, for an adequate reading on 
the R-F ammeter. 

(4) Adjust C, for maximum meter reading. 

(5) Switch to L, and readjust C, for maximum current. Observe 
whether an increase or decrease of capacitance is required. If an in- 
crease is required, the matching network load is capacitive. If a decrease 
is required, the matching network load is inductive. If no change 1s 
required the load is resistive. 

(6) A “cut and try” procedure is required to adjust the matching 
network, When the matching network is correctly adjusted, there will 
be no change in the meter reading when switching from the tuner 
to Ry. 
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D. A non-reactive resistor (R,) must be used and necessarily has a 
relatively low-voltage rating. Therefore, full power cannot be applied to 
the circuit. If desired, tuning may be accomplished with the use of a 
very accurately calibrated R-F signal generator. The generator is set to 
the exact transmitter frequency and connected to the input of the 
coupling circuit. The tuning then proceeds as described in the answer 
above. The use of a signal generator makes it unnecessary to hook up to 
a low-power stage of the transmitter. Whether the “substitution” or the 
bridge method is use, a final check, as described in Q. 4.56, should be 


performed before full power is applied to the antenna circuit. 


Q. 4.83. In relation to a-c circuits what is the relationship between 
(1) rms values, (2) maximum and minimum values, (3) peak values, 
and (4) peak-to-peak values. 


A. (a) The rms (or effective value) of a current or voltage is equal 
to 0.707 of the peak value of the wave. The peak value equals 1.414 
times the rms value. 

(b) Maximum and minimum values are the highest and lowest 
values of a portion of a waveform, or of a train of waveforms. 

(c) The peak value is equal to 1.414 times the effective (rms) value. 
The peak value is also equal to 1.57 times the average value; or, the 
average value equals 0.636 times the peak value. 

(d) The peak-to-peak value equals twice the peak value. Also, it 
equals 2.828 times the rms value. 


D. (a) The conventional type of a-c ammeter is calibrated to indi- 
cate effective (rms) values of current. Effective value is equal to 0.707 
of peak value, in the case of sine-wave currents. 

The meter itself responds to the average torque. For pure sine-wave 
currents, the indicated reading is dependent upon the scale calibration, 
which usually gives the rms value. What a meter does, relatively, on 
non-sine-wave currents depends on the meter, but in the usual case, the 
meter indicates the effective value of current. 

An a-c voltmeter has a scale which is calibrated to read the rms 
value or 0.707 of peak. The average value equals 0.636 of peak and 
0.636 

0.707 
therefore be multiplied by 0.9 to obtain the average value. It is under- 
stood that this is the average value over one-half cycle; the average 


the ratio of the two equals = 0.9. The scale reading must 


value of a sine wave over a full cycle is of course zero. 


Q. 4.84. Show by diagrams the delta method and the wye method of 
connecting transformer secondaries in a power distribution system. Show 
also how various output voltages might be obtained from each. 
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Fig. 4.84. (a) Schematic of a delta-connected secondary in a three- 
phase power system. 


A. For the diagrams, see the accompanying figures. 


D. (1) The diagram of Figure 4.84(a) is the system most commonly 
used for power distribution in this country. A typical input voltage 
would be 13,200 volts. The input line is fed into a wye-connected prim- 
ary. The secondary is delta-connected and feeds 240 volts to three-phase 
loads through wires D, E and F. As shown, secondary S3 is center 
tapped and the center tap is grounded. This is shown as wire G. This is 
called a “split-phase” connection and supplies single phase 120 volts be- 
tween E and G and also between F and G. This power is used to supply 
lighting, wall receptacles and small motors. Wire D 1s called the “high 
leg” of the system. Note in the figure that 208 volts appears between 
D and G. In some cases single-phase loads requiring 220 to 230 volts 
are connected between D and G. This is particularly true if the split 
phase is heavily loaded by 120-volt loads and the three-phase loading 
is light. By so doing, the currents in wires E and F may be reduced. 
240 volt, single-phase loads may be connected at D-E, D-F and E-F. 
240 volt, three-phase loads are connected to wires D-E-F. In practice, the 
installation is often made with three, single-phase transformers. The 


Ao 


Cid 


Fig. 4.84. (b) A wye-delta three-phase connection using three 
single-phase transformers and an equivalent of Fig. 4.84(4). 
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connections for this scheme are shown in Figure 4.84(b). The letters 
for the various leads and the voltages between the various wires cor- 
respond to those in Fig. 4.84(a). 

(2) A distribution system employing a wye primary and wye secon- 
dary is shown in Fig. 4.84(c). This scheme is preferred wherever the 
major power requirements are to be single-phase, 120-volt loads, such 
as in office buildings. The voltage between wire G and each of D, E 
and F will be 120 volt, single phase. By proper load distribution, the 
three circuits can be maintained in a substantially balanced condition for 
three-phase use. Three-phase equipment requiring 220-230 volt power 
may be connected to wires D, E and F. 


208 
A F ~—,VOLTS 
120 VOLTS v 
4 | D 
Py P2 
120 VOLTS 
G 208 208 
VOLTS VOLTS 
P3 120 ee 
Cc E 


Fig. 4.84 (c) Schematic of a wye-connected secondary in a three- 
phase power system. 


(3) Fairly high-power radio stations frequently use three-phase power 
at 480 volts for greater efficiency. In cases of transmitters operating at 
50,000 watts of output r-f power, the plate transformers for the main 
rectifiers may have a primary-excitation three-phase voltage as high as 
4,160 volts. However, in such a case, a 240 volt, three-phase supply is 
provided to operate filament transformers, blowers, water pumps and 
all other auxiliary equipment. The 240 volt supply can also be used, as 
described in (1) above, to provide the necessary 120 volt single-phase 
power. 


Q. 4.85. Draw circuit diagrams of: 


(a) A triode Class-C amplifier properly coupled to a push-pull power 
amplifier (modulator). 

(b) A beam power Class-C amplifier coupled to a push-pull Class-B 
power amplifier (modulator). 

For both cases, show the modulating signal input, the R-F exciting 
voltage input and the modulated output. Include neutralization for the 
triode case. Explain the operation of both the above types of Class-C 
plate modulated amplifiers. 


A. (a) For the diagram see Fig. 4.85(a). 
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For an explanation of the operation of this stage as a Class-C amplifier, 


see Q. 4.46(a) and Q. 3.125. For a description of the modulation process 
see Q. 3.143. 


CLASS C 
AMPLIFIER 


MODULATED 
RF OUTPUT 


Fig. 4.85. (a) Schematic diagram of a triode Class-C amplifier 
coupled to a Class-B amplifier (modulator). 


(b) For the diagram see Fig. 4.85(b). 
For an explanation of the operation of this stage as a Class-C amplifier, 
see Q. 4.46(b). For a description of the modulation process see Q. 3.143. 


Q. 4.86. Why is plate modulation more desirable than grid modula- 
tion for use in standard broadcast transmitters? Why is grid modulation 
more desirable in television video transmitters? 


A. (a) Plate modulation may only be more desirable in the case of 
high-power transmitters. (See discussion 3.) 

(b) Most video transmitters use grid modulation. This is necessary 
because the wide band width required (about 5.25 megahertz) makes 
it necessary to use very low values of plate load impedances. To pro- 
duce enough power in these low impedances for plate modulatiton, 
would require extremely high currents which would be impractical. 


Grid modulation requires much less driving power and is, therefore, 
more practical. 
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MODULATED 
RF OUTPUT 


Fig. 4.85. (b) Schematic diagram of a beam power Class-C 
amplifier coupled to a Class-B push-pull modulator. 


D. (a) A comparison between grid and plate modulation is given 
in Q. 3.145. 

(b) A comparison between the characteristics of plate and grid modu- 
lation follows. 


The characteristics of plate modulation are as follows: 

(1) Audio power for 100°% modulation equals 50% of d-c input 
power to r-f modulated amplifier. 

(2) Plate voltage of modulated amplifier varies in proportion to audio 
modulating signal. 

(3) Load presented to the modulator tube consists of the d-c plate 
impedance of the modulated amplifier. 

(4) The r-f output voltage of the modulated amplifier is a linear 
function of the applied plate voltage. 

(5) Modulated amplifier operates class C. 

(6) Grid bias should be obtained partly from a fixed source and partly 
from grid-leak bias. 

(7) The d-c plate current of the modulated amplifier is constant with 
or without modulation. 

(8) High class C efficiency of the modulated amplifier. 

(9) Easy to adjust. 


Element IV ADVANCED RADIOTELEPHONE 431 


(10) Constant grid excitation voltage. 

(11) Very low distortion. 

The characteristics of grid modulation are: 

(1) Modulation power required is comparatively small. (Just enough 
to overcome grid circuit losses.) 

(2) Grid bias varies in proportion to the audio modulating signal. 

(3) D-c plate voltage kept constant. 

(4) R-f stage operated class C. 

(5) Carrier output is only about 4 of power obtained using same 
tube modulated. 

(6) Relatively poor efficiency. 

(7) Constant grid ‘excitation carrier signal. 

(8) Carrier efficiency about 35 to 40%. 

(9) Bias source must have good regulation. (No grid-leak bias.) 

(10) Driver regulation must be good. 

(c) Plate modulation is generally only more desirable in high-power 
broadcast transmitters. In low-power broadcast transmitters (1 to 5 kW), 
grid modulation is often used for the advantage of its circuit simplicity. 
For an AM station with an r-f output power of 1.125 kW, modulated 
100 percent, the d-c input power to the plate modulator will be about 
700 watts, For grid modulation and the same r-f power output, only 
about 10 watts of audio power is required. 

From the consideration of a high-power transmitter (above approx- 
imately 10-20 kW) the greater carrier-output efficiency of a plate-modu- 
lation system, makes the choice of this system necessary. Whereas a 
grid-modulated amplifier may operate at a carrier efficiency of about 
37.5 percent, the plate-modulated amplifier may provide a carrier ef- 
ficiency of 75 percent. In addition, plate-modulation systems are easier 
to adjust and offer relatively low plate dissipation requirements of the 
tubes. 


Q. 4.87. Explain why dry air or inert gases are often used in R-F 
transmission lines which link broadcast transmitters and antennas. 


A. This is done to prevent arcing within the cables. 


D. See Q. 3.218, Discussion. 


Q. 4.88. Describe the procedure of installing transmission lines be- 
tween broadcast transmitters and antennas. Include information as to 
characteristic impedance, bends, kinks, cutting and connections. Discuss 


both the solid dielectric and the gas-filled lines. 


A. Coaxial-transmission lines, both solid dielectric and gas-filled, 
connecting broadcast transmitters to antennas are usually installed by: 
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supporting them on wooden frames two or three feet above the ground, 
supporting them by messenger wires hung on poles as in telephone cable 
practice, or underground in concrete lined trenches with suitable covers 
for protection. It is poor practice to use direct burial as it is difficult to 
repair the lines should a fault occur. In the case of solid dielectric lines, 
which are normally flexible to a good degree, it is good practice to sus- 
pend them from messenger wires even when they are supported by low 
wooden frames to prevent undue tension on the lines. 

To prevent undesirable radiation from the outer conductors of both 
types of lines, they should be well grounded to earth at forty- or fifty-foot 
intervals. This will reduce the existence of any voltage differences be- 
tween the outer conductors and ground. 

The lines should be installed, insofar as practicable, with a minimum 
of bends. Where bends are mandatory, such bends should be made with 
as large a radius as possible. The reason for this is that any bending re- 
sults in a change of the circular cross-section to one that is more or less 
elliptical, depending on the severity of the bend. Such a change in cross- 
section results in a change of characteristic impedance at that point and 
will result in a standing wave being produced between that point and the 
input to the line. The ability of the line to withstand voltage stress be- 
tween the conductors is reduced. 


Should too sharp a bend in the line be attempted, the line will kink, 
and the foregoing disadvantages will be manifested to even a more severe 
degree. 


In cutting a solid dielectric line to fit it for a connection to another 
length or to prepare it for termination at equipment, it is very important 
to avoid nicking the central conductor when baring it of the dielectric. 
This not only physically weakens the conductor but also introduces an 
electrical discontinuity which may introduce standing waves on the line. 
In gas-filled lines, such cutting must be done so that both conductors, 
inner and outer, are square across the ends and both must be smooth 
and free from burrs so that gas-tight connections can easily be made. It 
is imperative to take precautions to prevent any metal chips from lodg- 
ing inside the line as these will not only result in electrical discontinuities 
but will decrease the amount of voltage the line can withstand. 


Connections in solid dielectric lines should only be made with coaxial 
fittings especially designed for such lines as only these fittings will pro- 
duce a satisfactory electrical and mechanical connection. In the case of 
gas-filled lines, connections are made by gasketed fittings or by solder 
sweating. In the case of sweating, a minimum of flux and solder should 
be used to prevent any excess from oozing inside the line and causing 
an electrical discontinuity and reduced voltage flashover ability. Such 
connections in the gas-filled line, both gasketed and sweated, should be 
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tested for gas leaks by the use of a soap and water solution upon com- 
pletion of the line and after it has been charged with its nitrogen or 
dry air to its operating pressure. 


D. In the case of gas-filled lines, which are usually of rigid copper 
pipe, it is very important to make provisions to allow the line to expand 
and contract with variations in temperature. 

For coaxial lines using air or gas dielectric, the optimum inner diam- 
eter of the outer conductor is about 3.6 times the diameter of the inner 
conductor. With these proportions, the attenuation of such a line is at a 
minimum. Such a ratio of diameters results in the lines having charac- 
teristic impedances of approximately 77 ohms. 

For solid-dielectric lines, the same conductor proportions are generally 
used as well. However, because of the increased line capacitance result- 
ing from the higher dielectric constant of the insulating material, the 
characteristic impedance of these lines is in the order of 50 ohms. 


Q. 4.89. Draw a block diagram for each of the following broadcast 
transmitters complete from the microphone (and/or camera) inputs to 
the antenna outputs. State the purpose of each stage and explain briefly 
the overall operation of the transmitters. 

(a) Standard (AM)Broadcast 

(b) FM Broadcast 

(c) Multiplex FM Broadcast 

(d) TV Broadcast 

(e) Color TV Broadcast 


A. (a) For block diagram of a standard AM broadcast transmitter, 
see Fig. 4.89(a). 
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PRE- | __|PROGRAM| || AGC LIMITER | __, |MODULATOR CLASS B 
AMP AMP AMP AMP DRIVER MODULATOR 
MIXER | [MASTER 
ONTROL| | GAIN 
CONTROL 


Fig. 4.89. (a) Block diagram of an AM broadcast transmitter. 
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(1) The crystal oscillator produces a stable-carrier frequency at low 
power. Depending upon the inherent crystal stability, it may or may not 
require oven-temperature control. (See Q. 4.43 and 4.44, above.) 

(2) The buffer amplifier isolates the crystal oscillator to improve its 
stability. (See Q. 3.98.) 

(3) The intermediate-power amplifier raises the output r-f power of 
the buffer to a level sufficient to drive the modulated r-f amplifier. 

(4) The Class-C modulated r-f amplifier supplies the energy which 
is required to drive the antenna system at the rated r-f power. This stage 
may be operated as a parallel or a push-pull amplifier. (See Q. 4.85.) 

(5) The pre-amplifier improves the signal-to-noise ratio before mixing. 
(See Q. 4.24 above.) 

(6) The program amplifier (and line amplifier) raises the signal 
level to an amount adequate to drive the AGC and limiter amplifiers. 

(7) For AGC amplifier, see Q. 4.40 above. 

(8) For limiter amplifier, see Q. 4.38 above. 

(9) The modulator driver supplies the necessary audio power to 
drive the Class-B modulator. 

(10) The Class-B modulator varies the plate voltage of the Class- 
C r-f amplifier in accordance with the frequency and amplitude of the 
audio signal. This, in turn, varies the amplitude of the r-f-output wave 
to the antenna, producing an amplitude-modulated wave. (See Q. 4.85.) 

(b) For block diagram of an FM broadcast transmitter (phase-mod- 
ulated), see Fig. 4.62(c). 

(1) The crystal oscillator produces a highly stable low-frequency CW 
carrier at 225 kHz. 

(2) The r-f amplifier increases the oscillator amplitude sufficient to 
drive the three-phase network. 

(3) The three-phase network has a three-phase output at 225 kHz 
which is used as one input to the phasitron tube. (For phasitron opera- 
tion, see Q. 4.62 above.) The action of the modulator coil on the phasi- 
tron produces an equivalent FM signal with a deviation of plus and 
minus 173.6 Hz. 

(4) The above frequency-modulated signal is passed through a seven- 
stage multiplier giving a total frequency (and deviation) multiplication 
of 432 times. The output of the multipliers is 97.2 MHz, plus and minus 
75 kHz. 

(5) The intermediate-power amplifier supplies adequate power to 
drive the final amplifier. 

(6) The final power amplifier provides the rated power output to 
drive the FM-transmitting antenna. 

(7) From the microphone to the input of the pre-emphasis network 
the functions of the blocks are the same as described in part (a) of this 
question. 
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(8) The pre-emphasis network provides a high-frequency audio 
boost. (See Q. 3.163 and Q. 4.63.) 

(9) The two audio amplifiers increase the audio amplitude and 
power to a level sufficient to drive the modulator coil. (See Q. 4.62 
above. ) 

(c) For block diagram of an FM multiplex-broadcast transmitter, see 
Fig. 4.89(c). This shows a simplified block diagram of a direct FM 
system. 


BACKGROUND BACKGROUND POACTANCE SUB-CARRIER 
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60+7KC 
SUB-CARRIER 
REACTANCE TUBE 
MODULATOR 
MAIN PROGRAM AUDIO MAIN CHANNEL 
eae SYSTEM & REACTANCE TUBE +>) MAIN EM 
Beer AN PRE-EMPHASIS MODULATOR 


10 © FINAL INTERMEDIATE BE CUENAY 
ANTENNA POWER POWER MULTIPLIER 
O AMPLIFIER AMPLIFIER 


Fig. 4.89. (c) Block diagram of an FM multiplex-broadcast 
transmitter (direct FM system). 


(1) The “Program Audio System and Pre-Emphasis” block includes 
(for simplicity) all the blocks preceding the audio amplifiers in Fig. 
4.62(c). 

(2) The main-program channel is discussed first. The main program 
audio is fed into its reactance-tube modulator, which produces direct 
frequency modulation at a relatively low carrier frequency and also at 
a relatively low-frequency deviation. 

(3) The output of the main FM oscillator is passed through fre- 
quency multipliers. The output of these is at the final desired carrier 
frequency and deviation. (In a typical case the output of the master 
oscillator may be at an r-f frequency of 5.394 MHz, with a deviation of 
+ 4.167 kHz. After passing through multiplying stages totaling 18 times, 
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the final carrier output will be 97.1 MHz with a deviation of + 75 kHz.) 

(4) The functions of the intermediate power amplifier and final power 
amplifier are as discussed in parts (a) and (b) above. 

(5) The multiplex channel is frequently used to provide background 
music for stores and factories. It functions by providing a sub-carrier 
(here taken as 60 kHz) which is modulated (FM) by the background 
music. In turn, the FM sub-carrier then frequency modulates the main 
FM oscillator. At the background-music receiver, the 60 kHz sub-carrier 
is filtered out and detected in the usual FM manner. For transmission 
standards of FM multiplex operation, see Q. 4.118, following. 

(6) See (c)(1) above (audio block in background-music channel). 

(7) From the background-program audio block, the audio is fed to 
a reactance-tube modulator. 

(8) The reactance-tube modulator directly frequency modulates the 
60 kHz sub-carrier to an assumed + 7 kHz for 100 percent modulation. 

(9) The 60 kHz + 7 kHz signal is then used to drive the sub-carrier, 
reactance-tube modulator. This modulator frequency modulates the main 
FM oscillator with the 60 kHz + 7 kHz signal. (Modulation limits and 
standards are given in Q. 4.118.) 

(d) For block diagram of a TV broadcast transmitter, see Fig. 4.89(d). 
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Fig. 4.89 (d). Block diagram of a typical monochrome TV 


transmitter using low-level modulation. 


(1) The block diagram shown is of a low-level modulated mono- 
chrome visual TV transmitter. Although not shown here, visual trans- 
mitters also may employ medium-level or high-level modulation. 

(2) The first block in the figure is a crystal oscillator operating at 
one-twelfth of the desired picture carrier frequency. For example, the 
picture carrier for channel 2 is 55.25 megahertz. In this case the crystal 
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oscillator would operate at one-twelfth of this frequency, or 4.6 (approx- 
imately) megahertz. This is done to insure good crystal oscillator stabil- 
ity. Following the crystal oscillator is a series of frequency multipliers 
consisting of one tripler and two doublers providing a total frequency 
multiplication of 12 times. Thus, the output of the multipliers is at 
actual picture carrier frequency and is then applied to the modulated 
amplifier stage. The modulated amplifier also receives an input consist- 
ing of the composite video signal including sync and blanking pulses. 
The video signal is provided at about 25 volts peak-to-peak level by a 
five-stage video amplifier. This amplifier receives its input from the 
studio cameras, relay equipment, or from a line amplifier. D-c restorers 
are provided to reinsert the d-c component of the signal before applica- 
tion to the modulated amplifier. 


(3) In addition, a video monitor is used to afford continuous moni- 
toring of the composite video signal. Such factors as proper sync level, 
and white and black levels may be observed on the monitor. Synchro- 
nizing and blanking pulses as well as equalizing pulses are generated 
and keyed in at the appropriate times by the Keyer unit. The sync 
stretcher controls the amplitude of the sync pulses to compensate for 
compression or variations in amplitude. 


(4) The modulated amplifier output is a low-level r-f monochrome 
TV signal. This is brought up to the desired transmitting strength by 
three stages of intermediate r-f power amplification and then by the 
final r-£ power amplifier. 


(5) Note that the final r-f power amplifier output is fed through a 
vestigial sideband filter and a diplexer before being applied to the trans- 
mitting antenna. The use of the vestigial (partial) filter assures that the 
undesired portion of the lower picture sidebands will be attenuated in 
accordance with the FCC requirements. This attenuation must be at 
least 20 dB at a point 1.25 megahertz below the visual carrier to prevent 
interference with the next lower TV channel. 


(6) The diplexer is a device used for the purpose of supplying both 
the visual and aural modulated carriers to the same transmitting antenna 
without crosstalk. Electrically, the diplexer is a circuit with the aural 
and visual transmitters connected across opposite arms of the bridge, 
thus preventing crosstalk from occurring between the two sources. 


(e) For block diagram of a color TV transmitter, see Fig. 4.89(e). 
(1) The “Color Camera” contains three separate camera tubes. Filters 
are employed with each tube so that one tube responds to green, one to 
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blue and one to red. As indicated in the block, amplitude-varying signals 
corresponding to the green, blue and red picture components are sent 
separately to the “Matrix Circuits.” 

(2) The “Matrix Circuits” are lumped into one block but actually 
contain amplifier circuits and resistive networks. The purpose of the 
“Matrix Circuits” is to produce certain combinations of the green, blue 
and red camera inputs and to produce three entirely different signals, 
known as the “Y,” “I” and “Q” signals. These signals are produced by 
addition, subtraction and inversion of the three camera signals. 

The “Y” (or brightness) signal has a bandwidth of 0 to 4.2 MHz. It 
is produced in the matrix by combining the outputs of the three camera 
tubes in the proportions: 59 percent green, 11 percent blue and 30 per- 
cent red. This is the signal viewed on a conventional black and white 
set. On a color set it supplies fine detail information (above 1.5 MHz 
bandwidth) which is sent only in black and white. 

(3) The “Y” signal is sent to the “Y Amplifier and Delay Circuit.” 
Here the “Y” signal is amplified and delayed about 1 microsecond. The 
delay is necessary to match the delay normally imposed by the “Q” 
filter and by the “T” filter plus its delay circuit. 

(4) The “Y” inverter is necessary for the operation of the “Matrix 
Circuits.” 

(5) The “Y” signal is further amplified by a second “Y” amplifier 
and is then passed to the “Output Mixing Amplifier.” 

(6) The two other outputs of the “Matrix Circuit” are the “I” and 
“Q” signals (chrominance signals). Each of these signals represents a 
certain range of colors, which in combination can produce green, blue, 
red, or any other desired mixture color on the receiver-color tube. The 
“Q” signal alone is capable of producing colors ranging from yellow- 
green to purple. The “I” signal alone can produce colors ranging from 
cyan (bluish-green) to orange. The two signals acting together can 
produce a very-wide range of colors to produce a full-color picture. 

(7) The “I” signal is fed to the “I Amplifier and Delay Circuit.” 
This delay is necessary to match the delay of the “Q” signal. There 1s 
no delay circuit required in the “Q” channel. This is because the in- 
herent delay of the “Q” filter introduces the greatest signal delay (about 
1 microsecond) and is the reference time to which the “I” and “Y” 
signals must be matched. 

(8) The “I” signal is then passed through the “I” filter. This filter 
restricts the “I’’ signal bandwidth to 0 to 1.5 megahertz, This band- 
width restriction is required to fit the color information within the con- 
ventional TV transmission channel and also to reduce the possibility of 
creating an interference pattern on the color tube due to the mixing of 
the “I” and “Q” signals. 

(9) The “Q” signal coming from the matrix is fed into the “Q” 
amplifier and the “Q” filter. The “Q” filter restricts the “Q” signal 
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bandwidth to a range of 0 to 0.5 megahertz. This bandwidth is adequate 
for reproducing sufficient detail for the colors represented by the “Q” 
signal. (Fine detail in a color picture is supplied by the black and white, 
or “Y”’ signal.) 

(10) The “I” and “Q” signal outputs from their respective filters are 
applied to the “I’’ and “Q” balanced modulators. Each balanced mod- 
ulator also receives an input voltage from the 3.58 MHz sub-carrier. The 
sub-carrier input to the “‘Q’’ (quadrature) balanced modulator is shifted 
in phase by 90 degrees relative to the sub-carrier fed to the “I’’ (in- 
phase) balanced modulator. 

(11) In the “I’’-balanced modulator, orange-to-cyan range color sig- 
nals (0 to 1.5 MHz) are heterodyned with the sub-carrier. The sub- 
carrier is suppressed by the balanced modulator and its output is a set of 
sidebands ranging from 2.08 to 5.08 megahertz (3.58 MHz + 1.5 MHz). 
Frequencies above 4.2 megahertz are later suppressed by the transmitter. 
The sub-carrier is suppressed to prevent the formation of a fine dot 
structure on black and white TV receivers. At the color receiver, the 
sub-carrier is reinserted in synchronous detectors which have as their 
output, the “I” and “Q” signals, reproduced. 

(12) In the “Q”-balanced modulator, the yellow-green to purple range 
color signals (0 to 0.5 MHz) are heterodyned with the 90 degree phase- 
shifted sub-carrier. Again, the sub-carrier is suppressed and the output 
is a set of sidebands ranging from 3.08 to 4.08 megahertz (3.58 + 0.5 
MHz) . Because of the 90 degree sub-carrier phase shift, the sidebands for 
the “Q” and “I” signals are 90 degrees out of phase with one another 
and can be transmitted together without interference. They can then 
be individually recovered by the receiver synchronous detectors, by using 
two reinserted sub-carriers, 90 degrees out of phase with one another. 

(13) The outputs of “I” and “Q” balanced modulators are fed through 
the “I” and “Q” amplifiers and combined with the “Y” signal in the 
“Output Mixing Amplifier.” 

(14) To reproduce color accurately at the receiver, the receiver sub- 
carrier oscillator must be locked in frequency and phase with the trans- 
mitter sub-carrier oscillator. This is done by the use of a color burst 
sync signal. This signal consists of a burst of 8 to 11 hertz of 3.58 MHz 
sub-carrier oscillator signal, which is keyed to be added to the back 
porch of the horizontal blanking pulses. (See Q. 4.75 above.) The key- 
ing is accomplished by the block labled, “Color Burst Sync Signal Key- 
ing Circuit.” This signal is fed to the “Output Mixing Amplifier.” 

(15) The conventional monochrome TV, horizontal and vertical sync 
and blanking pulses (see Q. 4.74 above) are generated in the block so 
marked and are also fed to the “Output Mixing Amplifier.” 

(16) The output of the “Output Mixing Amplifier” is a composite 
color-video signal consisting of the following signal voltages: 
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(a) Color burst sync signal. 

(b) “Q” signal. 

fore ib sipnal, 

(d) “Y” signal. 

(e) Conventional sync and blanking pulses. 

(17) The composite-color signal is fed through video amplifiers to 
the grid-modulated amplifier, d-c restorer and to color and black and 
white monitors. 

(18) For discussion of the remainder of the blocks in Figure 4.89(e), 
see part (d) of this question. 


PART II: RULES AND REGULATIONS 


Note: The following questions and answers all pertain to FCC Rules 
and Regulations. This information is based on Parts 73, 74, and 17 of 
these Rules and Regulations. With each question, the appropriate Part 
and Section number is given to enable the student to look up additional 
reference material if desired. However, the answer to each question, as 
given, is complete 1n itself. 


STANDARD AM BROADCAST 


Q. 4.90. Define the following terms as they relate to standard 
broadcast stations. (R & R 73.1 to 73.14) 


(a) Standard broadcast station 
(b) Standard broadcast band 
(c) Standard broadcast channel 
(d) Daytime 

(e) Nighttime 

(f) Sunrise and sunset 

(g) Broadcast day 

(h) Experimental period 

(i) Operating power 

(j) Plate input power 

(k) Antenna power 

(1) Antenna current 

(m) Antenna resistance 

(n) Modulator stage 

(0) Modulated stage 

(p) Last radio stage 
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(q) Percentage modulation (amplitude) 
(r) High level modulation 

(s) Low level modulation 

(t) Plate modulation 

(u) Grid modulation 


A. (a) The term “standard broadcast station” means a broadcasting 
station licensed for the transmission of radiotelephone emissions prim- 
arily intended to be received by the general public and operated on a 
channel in the band 535-1605 kilohertz. 

(b) The term “standard broadcast band” means the band of frequen- 
cies extending from 535 to 1605 kilohertz. 

(c) The term ‘‘standard broadcast channel’’ means the band of fre- 
quencies occupied by the carrier and two sidebands of a broadcast signal 
with the carrier frequency at the center. Channels shall be designated by 
their assigned carrier frequencies. The 107 carrier frequencies assigned 
to standard broadcast stations shall begin at 540 kilohertz and be in suc- 
cessive steps of 10 kilohertz. 

(d) The term “daytime” means that period of time between local 
sunrise and local sunset. 

(ec) The term ‘‘nighttime’’ means that period of time between local 
sunset and local sunrise. 

(f) The terms “sunrise and sunset’’ mean, for each particular loca- 
tion and during any particular month, the time of sunrise and sunset as 
specified in the instrument of authorization. 

(g) The term “broadcast day’ means that period of time between 
local sunrise and 12 midnight local time. 7 . 

(h) The term “experimental period” means that time between 12 
midnight and local sunrise. This period may be used for experimental 
purposes in testing and maintaining apparatus by the licensee of any 
standard broadcast station on its assigned frequency and with its au- 
thorized power, provided no interference is caused to other stations 
maintaining a regular operating schedule within such period. No station 
licensed for “daytime” or “specified hours” of operation may broadcast 
any regular or scheduled program during this period. 

(1) “Operating power’’ depends upon the context within which it 
is employed and may be synonomous with “nominal power” or “antenna 
power.” 

(j) “Plate input power” means the product of the direct plate voltage 
applied to the tubes in the last radio stage and the total direct current 
flowing to the plates of these tubes, measured without modulation. 

(k) “Antenna input power” or “antenna power” means the product 
of the square of the antenna current and the antenna resistance at the 
point where the current is measured. 

(1) “Antenna current” means the radio-frequency current in the an- 
tenna with no modulation. 
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(m) “Antenna resistance” means the total resistance of the trans- 
mitting antenna system at the operating frequency and at the point at 
which the antenna current is measured. 

(n) “Modulator stage” means the last amplifier stage of the modu- 
lating wave which modulates a radio-frequency stage. 

(0) “Modulated stage” means the radio-frequency stage to which the 
modulator is coupled and in which the continuous wave (carrier wave) 
is modulated in accordance with the system of modulation and the 
characteristics of the modulating wave. 

(p) “Last radio stage” means the oscillator or radio-frequency-power 
amplifier stage which supplies power to the antenna. 

(q) ‘Percentage modulation” with respect to an amplitude modulated 
wave: 


In a positive direction: 


ji plaegaldactatac ra yy 
C 
In a negative direction: 
iM — — x 100 


Where: 
M = Modulation level in percent. 
MAX — Instantaneous maximum level of the modulated radio fre- 
quency envelope. 
MIN — Instantaneous minimum level of the modulated radio fre- 
quency envelope. 
C = (Carrier) level of radio frequency envelope without modu- 
lation. 


(r) “High level modulation” is modulation produced in the plate cir- 
cuit of the last radio stage of the system. 

(s) “Low level modulation” is modulation produced in an earlier 
stage than the final. 

(t) “Plate modulation” is modulation produced by introduction of 
the modulating wave into the plate circuit of any tube in which the 
carrier frequency wave is present. 

(u) “Grid modulation” is modulation produced by introduction of the 
modulating wave into any of the grid circuits of any tube in which the 
carrier frequency wave is present. 


the last radio stage of a transmitter? (R & R 73.1215) 


| 


| ; : : 
_ Q. 4.91. What are the specifications of a plate-current meter in 
1 


A. Instruments indicating the plate current or plate voltage of the 
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last radio stage (linear scale instruments) shall meet the following spe- 
cifications: 

(a) Length of scale shall be not less than 2.3 inches (5.8 cm). 

(b) Accuracy shall be at least 2 percent of the full scale reading. 

(c) The maximum rating of the meter shall be such that it does not 
read off scale during modulation or normal operation. 


(d) Scale shall have at least 40 divisions. 
(e) Full scale reading shall not be greater than five times the min- 
imum normal indication. 


D. Instruments indicating antenna current, common point current, 
and base currents shall meet the following specifications: 

(a) Instruments having logarithmic or square law scales. 

(1) Shall meet the same requirements as paragraphs (a), (b) and (c) 
in the answer above for linear scale instruments. 

(2) Full scale reading shall not be greater than three times the min- 
imum normal indication. 

(3) No scale division above one-third full scale reading shall be 
greater than one-thirtieth of the full scale reading. (Example: An am- 
meter meeting requirement (1) having full scale reading of 6 amperes 
is acceptable for reading currents from 2 to 6 amperes, provided no scale 
division between 2 and 6 amperes is greater than one-thirtieth of 6 am- 
peres, or 0.2 ampere.) 


Q. 4.92. Under what conditions may remote-reading antenna 
ammeters be used to indicate antenna current? (R & R 73.67) 


A. Remote-reading antenna ammeters may be used provided that 
the indicating instruments are capable of being connected directly into 
the antenna circuit at the same point as, but below (transmitter side), 
the antenna ammeter. The meter(s) in the remote control equipment 
may utilize an arbitrary scale division provided a calibration curve show- 
ing the relationship between the arbitrary scale and the scale of the an- 
tenna ammeter is maintained at the remote control point. The meter(s) 
in the remote control equipment must be calibrated once a week against 
the regular meter and the results thereof entered in the operating log. 


D. (a) All remote meters shall meet the same requirements as the 
regular antenna ammeter and their calibration shall be checked against 
the regular meter at least once a week. In addition, remote meters shall 
be provided with shielding or filters as necessary to eliminate any feed- 
back from the antenna to the transmitter. In shunt-fed antennas, the 
transmission-line current meter at the transmitter may be used as a re- 
mote antenna ammeter, provided the transmission line is terminated 
directly into the excitation-circuit feed line, which must employ series 
tuning only. 
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(b) The specifications for an antenna ammeter are given in Q. 4.91 


above. 


Q. 4.93. What is the maximum temperature variation at the crystal 
from the normal operating temperature when using X or Y cut crystals? 
When using low temperature coefficient crystals? (R & R 73.40) 


A. The maximum temperature variation at the crystal from the 
normal operating temperature shall not be greater than, 

(a) Plus or minus 0.1° C when an X or Y cut crystal is employed. 

(b) Plus or minus 1.0° C when low temperature coefficient crystal 1s 
employed. 


D. Unless otherwise authorized, a thermometer shall be installed in 
such manner that the temperature at the crystal can be accurately 
measured within 0.05° C for X or Y cut crystal or 0.5° C for low tem- 
perature coefficient crystal. It is preferable that the tank circuit of the 
oscillator tube be installed in the temperature controlled chamber. 


Q. 4.94. Who keeps the keys to the fence which surrounds the an- 
tenna base at a standard broadcast station? Where are the keys usually 
kept? (R & R 73.40) 


A. The keys are kept in the possession of the operator on duty at the 
transmitter. 


D. It is not necessary to protect the equipment in the antenna tuning 
house and the base of the antenna with screens and interlocks, provided 
the doors to the tuning house and antenna base are fenced and locked 
at all times, with the keys in the possession of the operator on duty at 
the transmitter. Ungrounded fencing or wires should be effectively 
grounded, either directly or through proper static leaks. Lightning pro- 
tection for the antenna system is not specifically required but should 
be installed. 


Q. 4.95. Changes to the broadcast transmitter of what general 
nature require Commission approval? (R & R 73.43) 


A. Specific authority, upon filing formal application (FCC Form 301 
or Form 340 for stations operating as noncommercial educational), is 
required for a change in service area or for any of the following changes: 

(1) Changes involving an increase or decrease in the power rating of 
the transmitter. 

(2) A replacement of the transmitter as a whole, unless such trans- 
mitter is one which may be installed and utilized in accordance with the 
provisions of R & R 73.48(a) (5). 

(3) Change in the location of the transmitting antenna. 

(4) Changes in the antenna system (see R & R 73.45). 
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(5) Change in the antenna input power. 

(6) Modification of the frequency control or modulation circuits. 

Specific authority, upon filing an informal application, is required for 
any of the following changes: 

(1) Replacement of existing carrier frequency generator. 

(2) In the type, number, or power rating of the power amplifier de- 
vices used in the last radio stage of the transmitter. 


Q. 4.96. What is the Commission’s requirement regarding 
maintenance of operating power (antenna input power)? (R & R 
73.52) 


A. The actual antenna input power of each station shall be maintained 
as near as is practicable to the authorized antenna input power and shall 
not be less than 90 percent nor greater than 105 percent of the autho- 
rized power; except that if, in an emergency, it becomes technically im- 
possible to operate with the authorized power, the station may be oper- 
ated with reduced power for a period of not more than 30 days without 
further authority from the Commission, Provided, That notification is 
sent to the Commission in Washington, D.C. not less than the 10th day 
of the lower power operation. In the event normal power is restored 
prior to the expiration of the 30 day period, the permittee or licensee 
will so notify the Commission in Washington, D.C. of this date. If 
causes beyond the control of the permittee or licensee prevent restoration 
of authorized power within the allowed period, informal written request 
shall be made to the Commission in Washington, D.C. no later than the 
30th day for such additional time as may be deemed necessary. 


D. In addition to maintaining antenna input power within the above 
limitations, each station employing a directional antenna shall maintain 
the relative amplitudes of the antenna currents in the elements of its ar- 
tay within 5 percent of the ratios specified in its license or other instru- 
ment of authorization, unless more stringent limits are specified therein. 


Q. 4.97. What is the frequency tolerance at standard broadcast sta- 
tions? (R & R 73.59) 


A. The operating frequency of each station shall be maintained within 
20 hertz of the assigned frequency. 


Q. 4.98 What are the Commission’s requirements concerning stations 
which operate their transmitters by remote control? (R & R 73.67) 


A. (a) Operation by remote control shall be subject to the follow- 
ing conditions: 

(1) The equipment at the operating and transmitting positions shall 
be so installed and protected that it is not accessible to or capable of 
operation by persons other than those duly authorized by the licensee. 
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(2) The control circuits from the operating positions to the trans- 
mitter shall provide positive on and off control and shall be such that 
open circuits, short circuits, grounds or other line faults will not actuate 
the transmitter and any fault causing loss of such control will auto- 
matically place the transmitter in an inoperative position. 

(3) A malfunction of any part of the remote control system resulting 
in improper control shall be cause for the immediate cessation of opera- 
tion by remote control. A malfunction of any part of the remote control 
system resulting in inaccurate meter readings, shall be cause for termi- 
nating operation by remote control no longer than 1 hour after the 
malfunction is detected. 

(4) Control and monitoring equipment shall be installed so as to al- 
low the licensed operator at the remote control point to perform all the 
functions in a manner required by the Commission’s rules. 

(5) Calibration of required indicating instruments at each remote 
control point shall be made against their corresponding instruments at 
the transmitter site for each mode of operation as often as necessary to 
insure their accuracy, but in no event less than once a week, and: 

(i) The results of such calibration shall be entered in the station's 
maintenance log; 

(ii) In no event shall a remote control meter be calibrated against 
another remote control meter; 

(iii) Each remote control meter shall be accurate within 2 percent of 
the value read on its corresponding meter at the transmitter site. 

(6) All remote control meters shall conform with the specifications 
prescribed for regular transmitter, antenna, and monitor meters. Devices 
used for obtaining remote control meter indications of antenna or com- 
mon point current shall be installed according to the conditions de- 
scribed in paragraphs (a) and (b) of R & R 73.57. 

(7) Meters with arbitrary scale divisions may be used provided that 
calibration charts or curves are provided at the transmitter remote con- 
trol point showing the relationship between the arbitrary scales and the 
reading of the main meters. 

(8) The modulation percentage shall be continuously monitored at 
the remote control point, except when the readings are being taken, or 
the transmission system shall be equipped with an automatic device to 
limit the modulation to peak levels as specified in R & R 73.55. 

(b) All stations, whether operating by remote control or direct con- 
trol, shall be equipped so as to be able to follow the Emergency Action 
Notification procedures described in R & R 73.911. 


Q. 4.99. At what place must the station license be posted? Where 
must the licenses of the operators be posted? (R & R 73.92) 


A. (a) The station license and any other instrument of station au- 
thorization shall be posted in a conspicuous place and in such manner 
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that all terms are visible, at the place the licensee considers to be the 
principal control point of the transmitter. At all other control points 
listed on the station authorization, a photocopy of the station license and 
other instruments of station authorization shall be posted. 

(b) The operator license, or Form 759 (Verification of Operator Li- 
cense or Permit), of each station operator employed full-time, part- 
time, or via contract, shall be permanently posted and shall remain 
posted so long as the operator is employed by the licensee. 

(1) The operator licenses shall be posted: 

(1) Either at the transmitter or extension meter location ; or 

(ii) At the principal remote control point, if the station license au- 
thorizes operation by remote control. 

(2) Posting of operator licenses shall be accomplished by affixing the 
license to the wall at the posting location, or enclosing in a binder, or 
inserting in folder and retaining at the posting location so that the 
licenses will be readily available and easily accessible at that location. 


Q. 4.100. What are the operator requirements at a non-direc- 
tional 5-kW standard broadcast station? At a directional 5-kW 
standard broadcast station where the ratio of antenna currents must 
be within 5°, or the phases within three degrees? At a directional 
5-kW standard broadcast station which is not required to maintain 
closer tolerances than the immediately preceding case? At a non- 
directional 20-kW standard broadcast station? (R & R 73.93) 


A. (a) In cases where a station is authorized for non-directional 
operation with power not in excess of 10 kilowatts, the routine opera- 
tion of the transmitter may be performed by an operator holding a valid 
first-class or second-class radiotelephone or radiotelegraph operator 
license or a restricted radiotelephone operator permit. 

(b) A station using a directional antenna system, which is required 
by the station authorization to maintain the ratio of the currents in the 
elements of the system within a tolerance which is less than 5% 
or the relative phases of those currents within a tolerance which is less 
than 3° shall, without exception, employ first-class radiotelephone op- 
erators who shall be on duty and in actual charge of the transmitting 
system during hours of operation with a directional radiation pattern. 

(c) A station whose authorization does not specifically require 
therein the maintenance of phase and current relationships within closer 
tolerances than above specified shall employ first-class radiotelephone 
operators for routine operation of the transmitting system during pe- 
riods of directional operation: Provided, however, That holders of 
a second-class license or a restricted radiotelephone operator permit 
may be employed for routine operation of the transmitting system if the 
following conditions are met: 


. 
| 
| 
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(1) The station must have in full-time employment at least one 
first-class radiotelephone operator. 

(2) Within 1 year of the date on which lesser grade operators are 
first employed and a chief operator has been designated, pursuant to 
paragraph (h) of this section, the station shall complete a partial proof 
of performance, as defined in Note 2 at the end of this section, and shall 
complete subsequent partial proofs of performance at 4 year intervals 
thereafter. A skeleton proof of performance, as defined in Note 3 at the 
end of this section, shall be completed during each year that a partial 
proof of performance is not required. Not less than 10, nor more than 
14 months shall elapse between the completion dates of successive proofs 
of performance. The results of such proofs shall be prepared and filed 
in the same manner as required in equipment performance measurements 
pursuant to paragraph (b) of R & R 73.47. 

(d) A station using a nondirectional antenna, during periods of 
operation with authorized power in excess of 10 kilowatts, may employ 
first-class radiotelephone operators, second-class operators, or operators 
with the restricted radiotelephone operator permit for routine operation 
of the transmitting system if the station has in full-time employment at 
least one first-class radiotelephone operator. 


D. With regard to all four types of broadcast stations designated 
in the question and answer, the routine operation of the transmitting 
system may be performed by an operator holding a second-class license 
or a restricted radiotelephone operator permit. Unless, however, pet- 
formed under the immediate and personal supervision of an operator 
holding a first-class radiotelephone license, an operator holding a 
second-class license or a restricted radiotelephone operator permit may 
make adjustments only of external controls, as follows: 

(1) Those necessary to turn the transmitter on and off; 

(2) Those necessary to compensate for voltage fluctuations in the 
primary power supply ; 

(3) Those necessary to maintain modulations levels of the transmit- 
ter within prescribed limits; 

(4) Those necessary to effect routine changes in operating power 
which are required by the station authorization ; 

(5) Those necessary to change between nondirectional and direc- 
tional or between differing radiation patterns, provided that such 
changes require only activation of switches and do not involve the 
manual tuning of the transmitter final amplifier or antenna phasor 
equipment. The switching equipment shall be so arranged that the 
failure of any relay in the directional antenna system to activate prop- 
erly will cause the emissions of the station to terminate. 
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A station using a non-directional antenna with nominal power of 10 
kilowatts or less may employ first-class radiotelegraph operators, second- 
class radiotelegraph or radiotelephone operators, or operators the re- 
stricted radiotelephone operator permit for routine Operation of the 
transmitting system if the station has at least one first-class tadio- 
telephone operator readily available at all times. This Operator may be 
in full-time employment or, as an alternative, the licensee may contract 
in writing for the services, on a part-time basis, of one or more such 
Operators. Signed contracts with part-time operators shall be kept in the 
files of the station and shall be made available for inspection upon 
request by an authorized representative of the Commission. 


Q. 4.101. What specific equipment performance measurements must 
be made at all standard broadcast stations on an annual basis? During 
what period of time preceding the date of filing for a renewal of the 
station license should such measurements be made? (R & R 73.47) 


A. See Q. 4.35 for complete answers and discussion. 


Q. 4.102. Explain how operating power is computed using direct 
measurement? Using indirect measurement? Under what conditions at 
a standard broadcast station may the indirect method be used? 


A. (a) Direct Measurement: The antenna-input power determined 
by direct measurement is the square of the antenna current times the 
antenna resistance at the point where the current is measured and at 
the operating frequency. 

(b) Indirect Measurement: The operating power determined by in- 
direct measurement from the plate input power of the last radio stage 
is the product of the plate voltage (E,), the total plate current of the 
last radio stage (I,), and the proper factor (F) given in paragraph (b) 
of this section: That is, 


Operating power = E, X I, X F 


Factor to be used. 


Factor | Method of modulation |Maximum rated carrier| Class of 
(F) power amplifier 
O570 id Plate eta 00 Chen ates 0.25-1.0 RW sons. | ae 

POU Plate sis Ui ea 2.5 kW and over ic. | cn 
FO upieOw Level iene) 0.25 kW and over.......... B 

65." |Low Leveliic) biG 0.25 kW and over.......... BC} 

Bo) (GIG aera ene 0.25 kW and over 3) 


1 All linear amplifier operation where efficiency approaches that of Class C operation. 
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Note: When the factor F is obtained from the table, this value shall 
be used even though the antenna input power may be less than the 
maximum rated carrier power of the transmitter. 


(c) The antenna input power shall be determined on a temporary 
basis by the indirect method in the following circumstances: (1) In an 
emergency, where the authorized antenna system has been damaged by 
causes beyond the control of the licensee or permittee (see R & R 73.45), 
or (2) pending completion of authorized changes in the antenna system, 
or (3) if changes occur in the antenna system or its environment which 
affect or appear likely to affect the value of antenna resistance, or (4) if 
the antenna current meter or common point current meter becomes de- 
fective, and the station does not employ a remote reading antenna or 
common point meter (see R & R 73.58). Prior authorization for the in- 
direct determination of antenna input power is not required. However, 
an appropriate notation shall be made in the operating log. 


D. The operating power is normally measured by the direct method, 
except as discussed in part (c) of the answer, above. The following dis- 
cussion pertains to measuring the antenna resistance for use with the 
direct method. 

(a) The resistance of an omnidirectional series fed antenna shall be 
measured at the base of the antenna without intervening coupling net- 
works or components. The resistance of a shunt excited antenna shall be 
measured at the point the radio frequency energy is transferred to the 
feed wire circuit, without intervening networks (with the exception that, 
if the termination of the feed wire is highly reactive a network contain- 
ing no shunt element may be interposed between the feed wire termina- 
tion and the point where the resistance is determined). Any network 
inserted in the antenna circuit for the express purpose of dissipating a 
portion of the radio frequency energy provided by the transmitter shall 
be located at the base of the antenna, and the antenna resistance speci- 
fed in the license or other instrument of authorization shall be the ef- 
fective resistance at the input terminals of the dissipative network. 

(b) The resistance and reactance of a directional antenna shall be 
measured at the point of common radiofrequency input to the directional 
antenna system. The following conditions shall obtain: 

(1) The antenna shall be finally adjusted for the required radiation 
pattern. 

(2) The reactance at the operating frequency and at the point of 
measurement shall be adjusted to zero, or as near thereto as practicable. 

(c) (1) The resistance of an antenna shall be determined by the fol- 
lowing procedure: A series of discrete measurements shall be made over 
a band of frequencies extending from approximately 25 kHz below the 
operating frequency to approximately 25 kHz above that frequency, at 
intervals of approximately 5 kHz. The measured values shall be plotted 
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on a linear graph, with frequency as the abscissa and resistance as the 
ordinate. A smooth curve shall be drawn through the plotted values. 
The resistance value corresponding to the point of intersection of the 
curve and the ordinate representing the operating frequency of the sta- 
tion shall be the resistance of the antenna. 

(2) For a directional antenna, the reactance of the antenna shall be 
determined by a procedure similar to that described in subparagraph 
(1) of this paragraph. 

(d) Any element included in the antenna circuit for the express pur- 
pose of dissipating a portion of the energy delivered by the transmitter 
to the directional antenna shall be included at the point of common 
radio-frequency input, and the authorized common point resistance shall 
include the effect of the dissipative element. 


Q. 4.103. What is the Commission’s requirement as to maintenance 
of percentage of modulation? (R & R 73.55) 


A. The percentage of modulation shall be maintained at as high 
a level as is consistent with good quality of transmission and good 
broadcast service. In no case shall it exceed 100 percent on negative 
peaks of frequent recurrence, or 125 percent on positive peaks at any 
time. Generally, modulation should not be less than 85 percent on 
peaks of frequent recurrence, but where such action may be required 
to avoid objectionable loudness, the degree of modulation may be 
reduced to whatever level is necessary for this purpose, even though, 
under such circumstances, the level may be substantially less than that 
which produces peaks of frequent recurrence at a level of 85 percent. 


Q. 4.104. What should be done if the station’s modulation monitor 
becomes defective? (R & R 73.56) 


A. In the event that the modulation monitor becomes defective, the 
station may be operated without the monitor pending its repair or 
replacement for a period not in excess of 60 days without further au- 
thority of the Commission. 

D. The station may be operated without a modulation monitor, 
provided: 

(1) Appropriate entries shall be made in the maintenance log of the 
station showing the date and time the monitor was removed from and 
restored to service. 

(2) The degree of modulation of the station shall be monitored with 
a cathode ray oscilloscope or other acceptable means. 

(3) If conditions beyond the control of the licensee prevent the res- 
toration of the monitor to service within the above allowed period, in- 
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formal request in accordance with R & R 1.549 of the FCC may be 
filed with the Engineer in Charge of the radio district in which the sta- 
tion is operating for such additional time as may be required to com- 
plete repairs of the defective instrument. 


Q. 4.105. Under what conditions may a standard broadcast station 
use its facilities for communications directly with individuals or other 
stations? What notice shall be given when a station is operating during 
a local emergency? (R & R 73.98) 


A. (a) A standard broadcast station may communicate directly with 
individuals or other stations during a period of emergency or imminent 
emergency in the area in which the station is located. 

(b) Immediately upon cessation of an emergency during which 
broadcast facilities were used for the transmission of point-to-point 
messages, or when daytime facilities were used during nighttime hours, 
a report in letter form shall be forwarded to the Commission, in Wash- 
ington, D.C., setting forth the nature of the emergency, the dates and 
hours of emergency operation, and a brief description of the material 
carried during the emergency period. A certification of compliance 
with the noncommercialization provision of this section must accompany 
the report where daytime facilities are used during nighttime hours, 
together with a detailed showing concerning the alternate service pro- 
visions of that paragraph. 


D. When necessary to the safety of life and property and in te- 
sponse to dangerous conditions of a general nature, standard broadcast 
stations may, at the discretion of the licensee and without further Com- 
mission authority, transmit emergency weather warnings and other 
emergency information. Examples of emergency situations which may 
warrant either an immediate or delayed response by the licensee are: 
Tornadoes, hurricanes, floods, tidal waves, earthquakes, icing conditions, 
heavy snows, widespread fires, discharge of toxic gases, widespread 
power failures, industrial explosions, and civil disorders. Transmission 
of information concerning school closings and changes in schoolbus 
schedules resulting from any of these conditions, is appropriate. In 
addition, and if requested by responsible public officials, emergency 
point-to-point messages may be transmitted for the purpose of re- 
questing or dispatching aid and assisting in rescue operations. 


Q. 4.106. How many times and when must the station’s operating 
log be signed by an operator who goes on duty at 10 a.m. and off duty 
at 6 p.m.? (R & R 73.111) 
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A. The operator shall sign the log twice each day. Once when start- 
ing duty at 10 a.m. and once when going off duty at 6 p.m. 


Q. 4.107. What entries shall be made in the station’s operating log? 
In the station’s maintenance log? (R & R 73.113, 73.114) 


A. (a) The following entries shall be made in the operating log: 

(1) For all stations: 

(i) Entries of the time the station begins to supply power to the 
antenna and the time it ceases to do so. 

(ii) Entries required by R & R 17.49 (a), (b), and (c) of this 
chapter concerning daily observations of tower lights. 

(iii) Any entries not specifically required in this section, but required 
by the instrument of authorization or elsewhere in this part. See, 
particularly, the additional entries required by R & R 73.51(e) (2) 
when power is being determined by the indirect method. 

(iv) The following indications shall be entered in the operating log 
at the time of commencement of operation in each mode and thereafter, 
at successive intervals not exceeding 3 hours in duration. 

(2) Total plate voltage and total plate current of the last radio 
stage. 

(4) Antenna current or remote antenna current (for nondirectional 
operation) ; common point current or remote common point current 
(for directional operation). 

(v) A notation of tests of the Emergency Broadcast System pro- 
cedures pursuant to the requirements of Subpart G of this Part and the 
appropriate station EBS checklist. 

(2) For stations with directional antennas not operated by remote 
control, the following indications, in addition to those specified in 
subparagraph (1) of this paragraph, shall be read and entered in the 
operating log at the time of commencement of operation in each mode 
and thereafter, at successive intervals not exceeding 3 hours in dura- 
tion. (This schedule shall apply regardless of any provision in the sta- 
tion instrument of authorization requiring more frequent log entries.) 

(1) Phase indications. 

(ii) Remote antenna base current or antenna monitor sample cur- 
rent Or current ratio indications. 

(3) For stations with directional antennas operated by remote con- 
trol, the following indications, in addition to those specified in sub- 
paragraph (1) of this paragraph, shall be read and entered in the 
operating log at the time of commencement of operation in each mode 
and thereafter, at successive intervals not exceeding 3 hours in dura- 
tion. (This schedule shall apply, regardless of any provision in the 
station instrument of authorization requiring more frequent log 
entries. ) 
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(i) Either remote indications of base currents, or currents extracted 
from antenna monitor sampling lines, or current indications or their 
ratios provided by a type-approved antenna monitor. 

(ii) Phase indications, if provided by a type-approved antenna 
monitor. 

(b) The following entries shall be made in the maintenance log: 


(1) An entry, each week, of the following where applicable: 

(i) A notation indicating the readings of the tower base current 
ammeter(s) and the associated remote antenna ammeter(s) (actual 
readings observed prior to remote antenna ammeter recalibration) and 
indicating calibration of the remote ammeter(s) against the tower base 
ammeter(s). 

(ii) Time and results of any auxiliary transmitter test(s). 

(iii) A notation of the results of frequency measurements, if any 
are made, including date performed and description of method used. 
(This measurement must be made at intervals of not more than 40 
days.) 

(iv) A notation of the calibration check of automatic recording 
devices as required by R & R 73.113(b) (3). 

(v) A notation of the calibration check of the antenna monitor. 

(vi) A notation of the results of calibration of indicating instru- 
ments at each remote control point against the corresponding instru- 
ments at the transmitter site, as required by R & R 73.67(a) (5). The 
entry shall include a showing of the actual value of parameters indi- 
cated by each meter prior to recalibration of the remote control point 
meters. 

(vii) A notation of the results of calibration of each extension meter 
against its corresponding regular meter, as required by R & R 73.70. 
The entry shall include a showing of each meter reading observed 
prior to recalibration of the extension meters. 


(2) An entry of the date and time of removal from and restoration 
to service of any of the following equipment in the event it becomes 
defective: 

(i) Modulation monitor. 

(ii) Final stage plate voltmeter. 

(iii) Final stage plate ammeter. 

(iv) Base current ammeter (s). 

(v) Common point ammeter. 

(vi) Antenna monitor. 


(3) The entries required by R & R 17.49(d) of this chapter con- 
cerning quarterly inspections of the condition of tower lights and 
associated control equipment and an entry when towers are cleaned 
and repainted as required by R & R 17.50 of this chapter. 
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(4) Entries made so as to describe fully any experimental operation 
pursuant to R & R 73.10. 

(5) Any other entries required by the current instrument of 
authorization of the station and the provisions of this subpart. 

(6) If required by the station authorization or R & R 73.93(e) (4), 
the results of field strength measurements at the monitoring points 
specified in the station authorization. 

(7) Upon completion of the inspection required by R & R 73.93(j), 
the inspecting operator shall enter a signed statement that the required 
inspection has been made, noting in detail the tests, adjustments, and 
repairs which were accomplished in order to insure operation in ac- 
cordance with the provisions of this subpart and the current instrument 
of authorization of the station. The statement shall also specify the 
amount of time, exclusive of travel time to and from the transmitter, 
which was devoted to such inspection duties. If complete repair could not 
be effected, the statement shall set forth in detail the items of equipment 
coricerned, the manner and degree in which they are defective, and the 
reasons for failure to make satisfactory repairs. 

R & R 73.93(j) reads as follows: 

(j) At all standard broadcast stations, a complete inspection of the 
transmitting system and required monitoring equipment in use, shall 
be made by an operator holding a first-class radiotelephone license at 
least once each calendar week. The interval between successive required 
inspections shall not be less than 5 days. This inspection shall include 
such tests, adjustments, and repairs as may be necessary to insure opera- 
tion in conformance with the provisions of this subpart and the current 
station authorization. 


Q. 4.108. How long must the station’s operating logs be kept? 
(R & R 73.115) 


A. Logs of standard broadcast stations shall be retained by the 
licensee or permittee for a period of two years. 


D. Logs involving communications incident to a disaster or which 
include communications incident to or involved in an investigation by 
the Commission and concerning which the licensee or permittee has 
been notified, shall be retained by the licensee or permittee until he is 
specifically authorized in writing by the Commission to destroy them. 
Logs incident to or involved in any claim or complaint of which the 
licensee or permittee has notice shall be retained by the licensee or per- 
mittee until such claim or complaint has been fully satisfied or until the 
same has been barred by statute limiting the time for the filing of suits 
upon such claims. 


: 
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Q. 4.109. What information (logs and records) must be made avail- 
able to an authorized Commission employee? (R & R 73.116) 


A. The following shall be made available upon request by an au- 
thorized representative of the Commission: 

(a) Program, operating and maintenance logs. 

(b) Equipment performance measurements required by R & R 
73.47. 

(c) Copy of most recent antenna resistance or common-point im- 
pedance measurements submitted to the Commission. 

(d) Copy of most recent field intensity measurements to establish 
performance of directional antennas required by R & R 73.51. 


FM BROADCAST 


Q. 4.110. What specific equipment performance measurements must 
be made at all FM broadcast stations on an annual basis? (R & R 73. 
254) 


A. See Q. 4.35 above. 


Q. 4.111. During what time period may an FM broadcast station 
transmit signals for testing and maintenance purposes? (R & R 73.262) 


A. FM broadcast stations may be used for experimental purposes in 
testing and maintaining apparatus on their assigned frequencies and 
not in excess of their authorized power at any time, without specific 
authorization from the Commission. 


Q. 4.112. What are the operator license requirements for FM broad- 
cast stations? (R & R 73.265) 


A. (a) A station with authorized transmitter output power of 25 
kilowatts or less may employ first-class radiotelegraph operators, second- 
class radiotelegraph or radiotelephone operators, or operators with 
restricted radiotelephone permits for routine operation of the trans- 
mitting system if the station has at least one first-class radiotelephone 
operator readily available at all times. 

(b) A station with authorized total transmitter output power in 
excess of 25 kilowatts may employ first-class radiotelegraph operators, 
second-class radiotelegraph and radiotelephone operators, or operators 
with restricted radiotelephone permits, for routine operation of the 
transmitting system, if the station has in full-time employment at least 
one first-class radiotelephone operator, or as an alternative, the licensee 
may contract in writing for the services, on a part-time basis, of one or 
more such operators. 
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(c) Subject to the conditions set forth in paragraphs (a) and (b) 
above, routine operation of the transmitting system may be performed 
by an operator holding a first-class radiotelegraph or radiotelephone 
license, a second-class radiotelegraph or radiotelephone license, or a re- 
stricted radiotelephone permit. Unless, however, performed under the 
immediate and personal supervision of an operator holding a first-class 
radiotelephone license, an operator holding a first-class radiotelegraph 
license, a second-class radiotelegraph or radiotelephone license, or a 
restricted radiotelephone permit may make adjustment only of external 
controls, as follows: 7 

(1) Those necessary to turn the transmitter on and off; 

(2) Those necessary to compensate for voltage fluctuations in the 
primary power supply; 

(3) Those necessary to maintain modulation levels of the transmitter 
within the prescribed limits. 


D. (a) With the exceptions set forth in paragraph (c), above, 
adjustments of the transmitting system and inspection, maintenance, 
and required equipment performance measurements shall be performed 
only by a first-class radiotelephone operator. 

(b) At all FM broadcast stations, a complete inspection of the trans- 
mitting system and required monitoring equipment in use shall be 
made by an operator holding a first-class radiotelephone license at least 
once each calendar week. The interval between successive required 
inspections shall not be less than 5 days. This inspection shall include 
such tests, adjustments, and repairs as may be necessary to insure opera- 
tion in conformance with the provisions of this subpart and the current 
station authorization. 


Q. 4.113. By what methods may operating power at FM broadcast 
stations be computed? (R & R 73.267) 


A. The operating power of each station shall be determined by either 
the direct or indirect method. 


D. (a) Using the direct method, the power shall be measured at the 
output terminals of the transmitter while operating into a dummy load 
of substantially zero reactance and a resistance equal to the transmis- 
sion line characteristic impedance. The transmitter shall be unmodulated 
during this measurement. If electrical devices are used to determine the 
power output, such devices shall permit determination of this power to 
within an accuracy of +5 percent of the power indicated by the full scale 
reading of the electrical indicating instrument of the device. If tempera- 
ture and coolant flow indicating devices are used to determine the power 
output, such devices shall permit determination of this power to within 
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an accuracy of 4 percent of measured average power output. During 
this measurement the direct plate voltage and current of the last radio 
stage and the transmission line meter shall be read and compared with 
similar readings taken with the dummy load replaced by the antenna. 
These readings shall be in substantial agreement. 

(b) Using the indirect method, the operating power is the product of 
the plate voltage (E,) and the plate current (/,) of the last radio stage, 
and an efficiency factor, F, as follows: 


Operating power = E, XI, X F 


(c) The efficiency factor, F, shall be established by the transmitter 
manufacturer for each type of transmitter for which he submits data to 
the Commission, over the entire operating range of powers for which 
the transmitter is designed, and shall be shown in the instruction books 
supplied to the customer with each transmitter. In the case of composite 
equipment, the factor F shall be furnished to the Commission with a 
statement of the basis used in determining such factor. 


Q. 4.114. What is the allowable frequency tolerance at FM broadcast 
stations? (R & R 73.269) 


A. The center frequency of each FM broadcast station shall be 
maintained within 2000 hertz of the assigned center frequency. 


Q. 4.115. What is SCA? What are some possible uses of SCA? 
(R & R 73.293) 


A. (a) SCA stands for Subsidiary Communications Authorization. 
It is used to authorize limited types of subsidiary services on a multiplex 
basis. 

(b) Some possible uses are: 

(1) Transmission of programs which are of a broadcast nature, but 
which are of interest primarily to limited segments of the public wishing 
to subscribe thereto. Illustrative services include: background music; 
storecasting; detailed weather forecasting; special time signals; and other 
material of a broadcast nature expressly designed and intended for busi- 
ness, professional, educational, religious, trade, labor, agricultural or other 
groups engaged in any lawful activity. 

(2) Transmission of signals which are directly related to the operation 
of FM broadcast stations; for example: relaying of broadcast material to 
other FM and standard broadcast stations; remote cueing and order 
circuits; remote control telemetering functions associated with author- 
ized STL operation, and similar uses. 


D. (a) Applications for Subsidiary Communications Authorizations 
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shall be submitted on FCC Form 318. An applicant for SCA shall specify 
the particular nature or purpose of the proposed use. 

(b) SCA operations may be conducted without restriction as to time 
so long as the main channel is programmed simultaneously. 


Q. 4.116. What items must be included in an SCA operating log? 
(R & R 73.295) 


A. Each licensee or permittee shall maintain a daily operating log 
of SCA operation in which the following entries shall be made (ex- 
cluding subcarrier interruptions of five minutes or less) : 

(1) Time subcarrier generator is turned on. 

(2) Time modulation is applied to subcarrier. 

(3) Time modulation is removed from subcarrier. 

(4) Time subcarrier generator is turned off. 

(5) The frequency of each SCA subcarrier shall be measured as 
often as necessary to ensure that it is kept at all times within 500 Hz 
of the authorized frequency. However, in any event, the measurement 
shall be made at least once each calendar month with not more than 40 
days expiring between successive measurements. 

(6) Program and operating logs for SCA operation may be kept 
on special columns provided on the station’s regular program and oper- 
ating log sheets. 


D. To the extent that SCA circuits are used for the transmission 
of program material, each licensee or permittee shall maintain a daily 
program log in which a general description of the material transmitted 
shall be entered once during each broadcast day: Provided, however, 
That in the event of a change in the general description of the ma- 
terial transmitted, an entry shall be made in the SCA program log 
indicating the time of each such change and a description thereof. 


Q. 4.117. Define the following terms as they apply to FM broadcast 
stations: (R & R 73.310) 
(a) Antenna power gain. 
(b) Center frequency. 
(c) Effective radiated power. 
(d) FM broadcast band. 
(e) FM broadcast channel. 
(f) FM broadcast station. 
- (g) Field strength. 
(h) Frequency modulation. 
(i) Frequency swing. 
(j) Multiplex transmission. 
(k) Percentage modulation. 
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(1) Cross-talk 

(m) Left signal. 

(n) Left stereophonic channel. 
(0) Main channel. 

(p) Pilot subcarrier. 

(q) Stereophonic separation. 
(r) Stereophonic subcarrier. 
(s) Stereophonic subchannel. 


A. (a) Antenna power gain: The square of the ratio of the root- 
mean-square free space field strength produced at 1 mile in the hori- 
zontal plane, in millivolts per meter for | kilowatt antenna input power 
to 137.6 mV/m. This ratio should be expressed in decibels (dB). (If 
specified for a particular direction, antenna power gain is based on the 
field strength in that direction only.) 

(b) Center frequency: The term “center frequency” means: 

(1) The average frequency of the emitted wave when modulated by 
a sinusoidal signal. 

(2) The frequency of the emitted wave without modulation. 

(c) Effective radiated power: The term “effective radiated power’ 
means the product of the antenna power (transmitter output power 
less transmission line loss) times (1) the antenna power gain, or (2) 
the antenna field gain squared. Where circular or elliptical polarization 
is employed, the term effective radiated power is applied separately to 
the horizontal and vertical components of radiation. For allocation 
purposes, the effective radiated power authorized is the horizontally 
polarized component of radiation only. 

(d) FM broadcast band: The band of frequencies extending from 88 
to 108 MHz per second, which includes those assigned to non-com- 
mercial educational broadcasting. : 

(e) FM broadcast channel: A band of frequencies 200 kHz wide 
and designated by its center frequency. Channels for FM broadcast 
stations begin at 88.1 MHz and continue in successive steps of 200 
kHz to and including 107.9 MHz. 

(£) FM broadcast station: A station employing frequency modulation 
in the FM broadcast band and licensed primarily for the transmission 
of radiotelephone emissions intended to be received by the general 
public. 

(g) Field strength: The electric field strength in the horizontal plane. 

(h) Frequency modulation: A system of modulation where the instan- 
taneous radio frequency varies in proportion to the instantaneous am- 
plitude of the modulating signal (amplitude of modulating signal to be 
measured after pre-emphasis, if used) and the instantaneous radio fre- 
quency is independent of the frequency of the modulating signal. 
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(1) Frequency swing: The instantaneous departure of the frequency 
of the emitted wave from the center frequency resulting from modula- 
tion. 

(j) Multiplex transmission: The term “multiplex transmission” means 
the simultaneous transmission of two or more signals within a single 
channel. Multiplex transmission as applied to FM broadcast stations 
means the transmission of facsimile or other signals in addition to the 
regular broadcast signals. 

(k) Percentage modulation: The ratio of the actual frequency swing 
to the frequency swing defined as 100 percent modulation, expressed 
in percentage. For FM broadcast stations, a frequency swing of +75 
kilohertz is defined as 100 percent modulation. 

(1) Cross-talk: An undesired signal occurring in one channel caused 
by an electrical signal in another channel. 

(m) Left (or right) signal: The electrical output of a microphone or 
combination of microphones placed so as to convey the intensity, time, 
and location of sounds originating predominately to the listener’s left (or 
right) of the center of the performing area. 

(n) Left (or right) stereophonic channel: The left (or right) signal 
as electrically reproduced in reception of FM stereophonic broadcasts. 

(0) Main channel: The band of frequencies from 50 to 15,000 hertz 
per second which frequency-modulate the main carrier. 

(p) Pilot subcarrier: A subcarrier serving as a control signal for use 
in the reception of FM stereophonic broadcasts. 

(q) Stereophonic separation: The ratio of the electrical signal caused 
in the right (or left) stereophonic channel to the electrical signal caused 
in the left (or right) stereophonic channel by the transmission of only 
a right (or left) signal. 

(r) Stereophonic subcarrier: A subcarrier having a frequency which is 
the second harmonic of the pilot subcarrier frequency and which is 
employed in FM stereophonic broadcasting. 

(s) Stereophonic subchannel: The band of frequencies from 23 to 
53 kilohertz per second containing the stereophonic subcarrier and its 
associated sidebands. 


Q. 4.118. What are the transmission standards of subsidiary com- 
munications multiplex operations? (R & R 73.319) 


A. (a) Frequency modulation of SCA subcarriers shall be used. 

(b) The instantaneous frequency of SCA subcarriers shall at all times 
be within the range 20 to 75 kilohertz: Provided, however, That when 
the station is engaged in stereophonic broadcasting, the instantaneous 
frequency of SCA subcarriers shall at all times be within the range 53 
to 75 kilohertz. 
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(c) The arithmetic sum of the modulation of the main carrier by 
SCA subcarriers shall not exceed 30 percent: Provided, however, That 
when the station is engaged in stereophonic broadcasting, the arithmetic 
sum of the modulation of the main carrier by the SCA subcarriers shall 
not exceed 10 percent. 

(d) The total modulation of the main carrier, including SCA sub- 
carriers, shall meet the requirements of 85 to 100 percent. 


D. Frequency modulation of the main carrier caused by the SCA 
subcarrier operation shall, in the frequency range 50 to 15,000 hertz, 
be at least 60 dB below 100 percent modulation: Provided, however, 
that when the station is engaged in stereophonic broadcasting, frequency 
modulation of the main carrier by the SCA subcarrier operation shall, 
in the frequency range 50 to 53,000 hertz, be at least 60 dB below 100 
percent modulation. 


Q. 4.119. What are the stereophonic transmission standards provided 
by the Commission’s Rules? (R & R 73.322) 


A. (a) The modulating signal for the main channel shall consist of 
the sum of the left and right signals. 

(b) A pilot subcarrier at 19,000 hertz plus or minus 2 hertz shall be 
transmitted that shall frequency modulate the main carrier between the 
limits of 8 and 10 percent. 

(c) The stereophonic subcarrier shall be the second harmonic of the 
pilot subcarrier and shall cross the time axis with a positive slope sim- 
ultaneously with each crossing of the time axis by the pilot subcarrier. 

(d) Amplitude modulation of the stereophonic subcarrier shall be used. 

(e) The stereophonic subcarrier shall be suppressed to a level less than 
one percent modulation of the main carrier. 

(f) The stereophonic subcarrier shall be capable of accepting audio 
frequencies from 50 to 15,000 hertz. 

(g) The modulating signal for the stereophonic subcarrier shall be 
equal to the difference of the left and right signals. 


D. (a) The pre-emphasis characteristics of the stereophonic sub- 
channel shall be identical with those of the main channel with respect 
to phase and amplitude at all frequencies. 

(b) The sum of the side bands resulting from amplitude modulation 
of the stereophonic subcarrier shall not cause a peak deviation of the 
main carrier in excess of 45 percent of total modulation (excluding SCA 
subcarriers) when only a left (or right) signal exists; simultaneously in 
the main channel, the deviation when only a left (or right) signal exists 
shall not exceed 45 percent of total modulation (excluding SCA sub- 
carriers). : 
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(c) Total modulation of the main carrier including pilot subcarrier 
and SCA subcarriers shall meet the requirements of 85 to 100 percent 
modulation, with maximum modulation of the main carrier by all SCA 
subcarriers limited to 10 percent. 

(d) At the instant when only a positive left signal is applied, the 
main channel modulation shall cause an upward deviation of the main 
carrier frequency; and the stereophonic subcarrier and its sidebands sig- 
nal shall cross the time axis simultaneously and in the same direction. 


TELEVISION BROADCAST 


Q. 4.120. What are the operator requirements for television 
Stations? (R & R 73.660, 73.661) 


A. One or more operators holding a valid radiotelephone first-class 
operator license shall be on duty at the place where the transmitting 
apparatus is located; or where extension meters and monitoring devices 
for monitoring critical parameters of the transmitter are located, as 
provided by R & R 73.678 of this Subpart; or at an authorized remote 
control point established pursuant to the provisions of R & R 73.677 
of this Subpart; and shall be in actual charge thereof whenever the 
transmitter is delivering power to the transmitting antenna. 


D. The operator license, or Form 759 (Verification of Operator 
License or Permit), of each station operator employed full-time or part- 
time or via contract, shall be permanently posted and shall remain 
posted so long as the operator is employed by the licensee. The operator 
license shall be posted either: 

(1) At the transmitter or extension meter location: or 

(2) At the principal remote control point, if the station license 
authorizes operation by remote control. 

(c) Posting of operator licenses and the station licenses and any 
other instrument of station authorization shall be accomplished by affix- 
ing the license to the wall at the posting location, or enclosing in a 
binder or inserting into a folder and retaining at the posting location 
so that the licenses will be readily available and easily accessible at that 
location. 

The original license (or FCC Form 759) of each station operator 
shall be posted at the place where he is on duty. The licensed operator 
on duty and in charge of a television broadcast transmitter may, at the 
discretion of the licensee, be employed for other duties or for the opera- 
tion of another station or stations in accordance with the class of license 
which he holds and the rules and regulations governing such other sta- 
tions. However, such other duties shall in no way impair or impede the 
required supervision of the television broadcast transmitter. 
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Q. 4.121. What is the frequencey tolerance for television stations? 
(R & R 73.668) 


A. (a) The carrier frequency of the visual transmitter shall be 
maintained within -+-1000 hertz of the authorized carrier frequency. 

(b) The center frequency of the aural transmitter shall be maintained 
4.5 megahertz, +1000 hertz, above the visual carrier frequency. 


Q. 4.122. What items must be included in a television station’s op- 
erating log? In its maintenance log? (R & R 73.671, 73.672) 


A. (a) The following entries shall be made in the operating log 
by the properly licensed operator in actual charge of the transmitting 
apparatus only. 

(1) An entry of the time the station begins to supply power to the 
antenna and the time it stops. 


(2) A notation of tests of the Emergency Broadcast System pro- 
cedures pursuant to the requirements of subpart G of this Part and the 
appropriate station EBS checklist, unless such entries are consistently 
made in the station program log. 

(3) An entry at the beginning of operation and at intervals not 
exceeding 3 hours, of the following (actual readings observed prior to 
making any adjustments to the equipment, and, when appropriate, an 
indication of corrections to restore parameters to normal operating 
values) : 

(i) Operating constants of last radio stage of aural transmitter (total 
plate voltage and plate current). 

(ii) Transmission line meter readings for both transmitters. If power 
of the aural transmitter is being determined by the indirect method, 
enter the transmission line meter reading for the visual transmitter only. 

(iii) For remote control operation, the results of observations of 
vertical interval test signal transmissions (see R & R 73.676(f) ). 

(4) Any other entries required by the instrument of authorization 
or the provisions of this part. 

(5) The entries required by R & R 17.49 (a), (b), and (c) of this 
chapter concerning daily observations of tower lights. 

(b) The following entries shall be made in the maintenance log: 

(1) Time and result of any auxiliary transmitter test (s). 

(2) A notation each week of the calibration check of automatic 
recording devices as required by R & R 73.671 (b) (3). 

(3) A notation once each week indicating results of calibration of 
each extension meter against its corresponding regular meter, as required 
by R & R 73.678. The entry shall include a showing of each meter 
reading observed prior to recalibration of the extension meters. 

(4) A notation of the results of calibration of indicating instruments 
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at each remote control point against the corresponding instruments at 
the transmitter site as required by R & R 73.676 (g) and (h). The en- 
try shall include a showing of the actual value of parameters indicated 
by each meter observed prior to recalibration of the remote control point 
meters. 

(5) An entry whenever frequency measurements are made including 
the date performed and description of method used. 

(6) An entry of the date and time of removal from and restoration 
to service of any of the following equipment in the event it becomes 
defective: 

(i) Visual modulation monitoring equipment or aural modulation 
monitor. 7 

(ii) Final stage plate voltmeters of aural and visual transmitters. 

(iii) Final stage plate ammeters of aural and visual transmitters. 

(iv) Visual and aural transmitter transmission line radio frequency 
voltage, current, or power meter. 

(v) Devices for monitoring for or generating the EBS Attention 
Signal. 

(7) The entries required by R & R 17.49(d) of this chapter con- 
cerning quarterly inspections of the condition of tower lights and as- 
sociated contro! equipment and an entry when towers are cleaned or 
repainted as required by R & R 17.50 of this chapter. ) 

(8) Entries shall be made so as to describe fully any operation for 
testing and maintenance purposes. 

(9) Whenever the calibration of the output power meter is made 
as required by R & R 73.689(b) (1) and (2) with a brief description 
of the method and results. 

(10) Any other entries required by the instrument of authorization 
or the provisions of this part. 


Q. 4.123. Define the following terms as they apply to television 
broadcast stations: (R & R 73.681) 


(a) Aspect ratio. 

(b) Aural transmitter. 

(c) Aural center frequency. 
(d) Blanking level. 

(e) Chrominance. 

(f) Chrominance subcarrier. 
(g) Color transmission. 

(h) Effective radiated power. 
(i) Field. 

(j) Frame. 

(k) Free space field intensity. 
(1) Frequency swing. 

(m) Interlaced scanning. 
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(n) Luminance. 

(0) Monochrome transmission. 

(p) Negative transmission. 

(q) Peak power. 

(r) Reference black level. 

(s) Reference white level. 

(t) Scanning. 

(u) Scanning line. 

(v) Standard television signal. 

(w) Synchronization. 

(x) Television broadcast band. 

(y) Television channel. 

(z) Television transmission standards. 
(aa) Vestigial sideband transmission. 
(bb) Visual transmission power. 


A. (a) Aspect ratio: The ratio of picture width to picture height as 
transmitted. 

(b) Aural transmitter: The radio equipment for the transmission ot 
the aural signal only. 

(c) Aural center frequency: (1) The average frequency of the 
emitted wave when modulated by a sinusoidal signal; (2) the frequency 
of the emitted wave without modulation. 

(d) Blanking level: The level of the signal during the blanking in- 
terval, except the interval during the scanning synchronizing pulse and 
the chrominance subcarrier synchronizing burst. 

(e) Chrominance: The colorimetric difference between any color and 
a reference color of equal luminance, the reference color having a 
specific chromaticity. 

(f) Chrominance subcarrier: The carrier which is modulated by the 
chrominance information. 

(g) Color transmission: The transmission of color television signals 
which can be reproduced with different values of hue, saturation, and 
luminance. 

(h) Effective radiated power: The product of the antenna input 
power and the antenna power gain. This product should be expressed 
in kilowatts and in decibels above one kilowatt (dBk). (If specified for 
a particular direction, effective radiated power is based on the antenna 
power gain in that direction only. The licensed effective radiated power is 
based on the average antenna power gain for each horizontal plane direc- 
tion.) When a station is authorized to use a directional antenna or an 
antenna beam tilt, the direction and amount of maximum effective 
radiated power will also be specified.) 

(i) Field: Scanning through the picture area once in the chosen scan- 
ning pattern. In the line interlaced scanning pattern of two to one, the 
scanning of the alternate lines of the picture area once. 
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(j) Frame: Scanning all of the picture area once. In the line inter- 
laced scanning pattern of two to one, a frame consists of two fields. 

(k) Free space field intensity: The field intensity that would exist at 
a point in the absence of waves reflected from the earth or other reflecting 
objects. 

(1) Frequency swing: The instantaneous departure of the frequency 
of the emitted wave from the center frequency resulting from modula- 
tion. 

(m) Interlaced scanning: A scanning process in which successively 
scanned lines are spaced an integral number of line widths, and in 
which the adjacent lines are scanned during successive cycles of the field 
frequency. 3 

(n) Luminance: Luminous flux emitted, reflected, or transmitted per 
unit solid angle per unit projected area of the source. 

(0) Monochrome transmission: The transmission of television signals 
which can be reproduced in gradations of a single color only. 

(p) Negative transmission: Where a decrease in initial light intensity 
causes an increase in the transmitted power. 

(q) Peak power: The power over a radio-frequency cycle correspond- 
ing in amplitude to synchronizing peaks. 

(r) Reference black level: The level corresponding to the specified 
maximum excursion of the luminance signal in the black direction. 

(s) Reference white level of the luminance signal: The level cor- 
responding to the specified maximum excursion of the luminance signal 
in the white direction. 

(t) Scanning: The process of analyzing successively, according to a 
predetermined method, the light values of picture elements constituting 
the total picture area. 

(u) Scanning line: A single continuous narrow strip of the picture 
area containing highlights, shadows, and half-tones, determined by the 
process of scanning. 

(v) Standard television signal: A signal which conforms to the tele- 
vision transmission standards. 

(w) Synchronization: The maintenance of one operation in step with 
another. 

(x) Television broadcast band: The frequencies in the band extend- 
ing from 54 to 890 megahertz which are assignable to television broad- 
cast stations. These frequencies are 54 to 72 megahertz (channels 2 
through 4), 76 to 88 megahertz (channels 5 and 6), 174 to 216 mega- 
hertz (channels 7 through 13), and 470 to 890 megahertz (channels 
14 through 83). 

(y) Television channel: A band of frequencies 6 megahertz wide in 
the television broadcast band and designated either by number or by the 
extreme lower and upper frequencies. 
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(z) Television transmission standards: The standards which deter- 
mine the characteristics of a television signal as radiated by a television 
broadcast station. 

(aa) Vestigial sideband transmission: A system of transmission 
wherein one of the generated sidebands is partially attenuated at the 
transmitter and radiated only in part. 

(bb) Visual transmitter power: The peak power output when trans- 
mitting a standard television signal. 


Q. 4.124. How is operating power determined for the visual trans- 
mitter at a television broadcast station? For the aural transmitter? 
(R & R 73.689) 


A. (a) Visual transmitter: The operating power of the visual trans- 
mitter shall be determined at the output terminals of the transmitter, 
which includes any vestigial sideband and harmonic filters which may be 
used during normal operation. For this determination the average power 
output shall be measured while operating into a dummy load of sub- 
stantially zero reactance and a resistance equal to the transmission line 
characteristic impedance. During this measurement the transmitter shall 
be modulated only by a standard synchronizing signal with blanking 
level set at 75 percent of peak amplitude as observed in an output mon- 
itor, and with this blanking level amplitude maintained throughout the 
time interval between synchronizing pulses. If electrical devices are 
used to determine the output power, such devices shall permit deter- 
mination of this power to within an accuracy of +5 percent of the 
power indicated by the full scale reading of the electrical indicating 
instrument of the device. If temperature and coolant flow indicating 
devices are used to determine the power output, such devices shall 
permit determination of this power to within an accuracy of 4 percent 
of measured average power output. The peak power output shall be 
the power so measured in the dummy load multiplied by the factor 
1.68. During this measurement the direct plate voltage and current of 
the last radio stage and the transmission line meter shall be read and 
compared with similar readings taken with the dummy load replaced 
by the antenna. These readings shall be in substantial agreement. 


(b) Aural transmitter: The operating power of the aural transmitter 
shall be determined by either the direct or indirect method. 

(1) Using the direct method, the power shall be measured at the out- 
put terminals of the transmitter while operating into a dummy load of 
substantially zero reactance and a resistance equal to the transmission 
line characteristic impedance. The transmitter shall be unmodulated dur- 
ing this measurement. If electrical devices are used to determine the out- 
put power, such devices shall permit determination of this power to 


470) Radio Operator’s License Q and A 


within an accuracy of +5 percent of the power indicated by the full 
scale reading of the electrical indicating instrument of the device. If 
temperature and coolant flow indicating devices are used to determine 
the power output, such devices shall permit determination of this power 
to within an accuracy of 4 percent of measured average power output. 
During this measurement the direct plate voltage and current of the last 
radio stage and the transmission line meter shall be read and compared 
with similar readings taken with the dummy load replaced by the an- 
tenna. These readings shall be in substantial agreement. 

(2) Using the indirect method, the operating power is the product 
of the plate voltage (E,) and the plate current (1,) of the last radio stage, 
and an efficiency factor, F, as follows: 


Operating power = FE, X 1, X F 


(3) The efficiency factor, F, shall originally be established by the 
transmitter manufacturer for each type of transmitter for which he sub- 
mits data to the Commission, and shall be shown in the instruction books 
supplied to the customer with each transmitter. In the case of composite 
equipment, the factor F shall be furnished to the Commission by the 
applicant along with a statement of the basis used in determining such 
factor. 


D. If electrical devices are used to determine the output power, such 
devices shall permit determination of this power to within an accuracy 
of +5 percent of the power indicated by the full scale reading of the 
electrical indicating instrument of the device. If temperature and coolant 
flow indicating devices are used to determine the power output, such 
devices shall permit determination of this power to within an accuracy 
of 4 percent of measured average power output. The peak power output 
shall be the power so measured in the dummy load multiplied by the 
factor 1.68. During this measurement the direct plate voltage and cur- 
rent of the last radio stage and the transmission line meter shall be 
read and compared with similar readings taken with the dummy load 
replaced by the antenna. These readings shall be in substantial agree- 
ment. 


Q. 4.125. Sketch the amplitude characteristic of an idealized picture 
- transmission (R & R 73.699) 


A. For sketch and discussion, see Q. 4.76. 


Q. 4.126. Draw the synchronizing waveform for television transmis- 
sions (monochrome). Be certain to show the white level, black level, 
blanking level, line writing and vertical blanking interval. Where on 
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the synchronizing waveform would the “color burst” for color transmis- 


sions appear? (R & R 73.699) 


A. (a) For monochrome synchronizing waveform, see Q. 4.74. 
(b) For “color burst” sketch and discussion, see Q. 4.75. 


EMERGENCY BROADCAST SERVICE 


Q. 4.127. Define the following terms which apply to the Emer- 
gency Broadcast System: (R & R 73.903, 73.905, 73.907, 73.910, 
73.911, 73.916) 

(a) Emergency Broadcast System (EBS). 

(b) Emergency Broadcast System (EBS) Authorization. 

(c) Emergency Action Notification. 

(d) Emergency Action Termination. 

(e) EBS Checklist. 

(f) Basic Emergency Broadcast System (EBS) Plan. 


A. (a) The EBS is composed of AM, FM, and TV broadcast sta- 
tions and non-government industry entities operating on a voluntary, 
organized basis during emergencies at National, State, or Operational 
(Local) Area levels. 

(b) An Emergency Broadcast System Authorization is issued by the 
FCC to licensees of broadcast stations to permit operation on a volun- 
tary, organized basis during a National emergency. 

(c) The Emergency Action Notification is the notice to all licensees, 
and regulated services of the FCC, participating non-government in- 
dustry entities, and to the general public, of the existence of an emer- 
gency situation. 

(d) The Emergency Action Termination is the notice to all licensees, 
and regulated services of the FCC, participating nongovernment in- 
dustry entities and to the general public of the termination of the EBS 
at the National level. 

(e) The EBS Checklist is a document to be posted at broadcast 
operating positions of AM, FM, and TV broadcast stations. It states in 
summary form the actions to be taken by that station’s personnel upon 
receipt of the Emergency Action Notification, Termination, or Test 
Messages. 

(f) The Basic Emergency Broadcast System Plan contains guidance 
to all non-government entities for the distribution of emergency infor- 
mation and instructions covering a broad range of emergency contingen- 
cies posing a threat to the safety of life or property. 


Q. 4.128. Describe the Emergency Action Notification Atten- 
tion Signal. (R & R 73.906) 
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A. The attention signal to be used by AM, FM, and TV broadcast 
stations to actuate muted receivers for interstation receipt of emergency 
cuing announcements and broadcasts involves the use of two audio 
tones in the following arrangement: : 

(a) Tone frequencies. The two audio tones shall have fundamental 
frequencies of 853 and 960 hertz and shall not vary over +0.5 hertz. 

(b) Harmonic distortion. The total harmonic distortion of each of 
the audio tones shall not exceed 5%. 

(c) Minimum level of modulation. Each of the two tones shall be 
calibrated separately to modulate the transmitter at no less than 40%. 
These two calibrated modulation levels shall have values that are within 
at least 1 dB of each other. | 

(d) Time period for transmission of tones. The two tones with the 
characteristics specified above shall automatically modulate the trans- 
mitter simultaneously at the resulting level for an automatic time period 
of not less than 20 seconds nor longer than 25 seconds. 


Q. 4.129. Under normal conditions all standard, FM, and TV broad- 
cast stations must make what provisions for receiving Emergency 
Action Notifications and Terminations? (R & R 73.932) 


A. All broadcast station licensees must install and operate, during 
their hours of broadcast operation, equipment capable of receiving 
Emergency Action Notifications and Terminations transmitted by other 
radio broadcast stations. This equipment must be maintained in opera- 
tive condition, including arrangements for human listening watch or 
automatic alarm devices, and shall have its termination at each trans- 
mitter control point. Where more than one broadcast transmitter is 
controlled from a common point by the same operator, only one receiver 
is required at that point. 


Q. 4.130. What type of station identification shall be given 
during an Emergency Action Condition? (R & R 73.933) 


A. Stations may broadcast their call letters during an EBS activa- 
tion. State and Operational (Local) Area identifications shall also be 
given. 


Q. 4.131. Must stations operate in accordance with Section 73.52 
of the Commission’s Rules during an Emergency Action Condition? 
(R & R 73.933) 


A. Broadcast stations are exempt from complying with R & R 73.52 
during an Emergency Action Condition. 


D. R & R 73.52 discusses the maintenance of operating power 
for a broadcast station and is fully presented in Q. 4.96. 


Element I[V ADVANCED RADIOTELEPHONE 473 


Q. 4.132. How often and at what times must EBS tests be sent? 
(R & R 73.961) 


A. Weekly Transmission Tests of the Attention Signal and Test 
Script. Except as provided in paragraph (d) of this Section, these tests 
shall be conducted by all AM, FM, and TV broadcast stations a mini- 
mum of once a week at random days and times between the hours of 
8:30 a.m. and local sunset. These tests will be conducted in accordance 
with procedures set forth in the EBS Checklist furnished to all broad- 
cast stations. 


SPECIAL BROADCAST SERVICES 


Q. 4.133. What is the uppermost power limitation imposed on 
remote pickup broadcast stations? STL stations? Intercity Relay 
broadcast stations? (R & R 74.461, 74.534) 


A. The authorized transmitter power for a remote pickup broadcast 
station shall be limited to that necessary for satisfactory service and, in 
any event, shall not be greater than 100 watts, except that a station to 
be operated aboard an aircraft shall normally be limited to a maximum 
authorized power of 15 watts. Specific authorization to operate stations 
on board aircraft with an output exceeding 15 watts will be issued only 
upon an adequate engineering showing of need, and of the procedures 
that will be taken to avoid harmful interference to other licensees. 
Authorization to use power exceeding 15 watts will not be authorized 
for stations using frequencies in Group K. 

STL and Intercity Relay broadcast stations will be licensed with a 
power output not in excess of that necessary to render satisfactory 
service. The license for these stations will specify the maximum au- 
thorized power. The operating power shall not be greater than necessary 
to carry on the service and in no event more than 5 percent above the 
maximum power specified. Engineering standards have not been estab- 
lished for these stations. The efficiency factor for the last radio stage of 
transmitters employed will be subject to individual determination but 
shall be in general agreement with values normally employed for 
similar equipment operated within the frequency range authorized. 


Q. 4.134. What records of operation must be maintained for each 
licensed remote pickup broadcast station? (R & R 74.481) 


A. The licensee of a remote pickup broadcast station system shall, 
for each station or system separately licensed, maintain an operating 
log in which entries shall be made in accordance with the following: 

(1) If the instrument of authorization requires painting and light- 
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ing of an antenna structure, entries required by R & R 17.49 of the 
Commission’s rules and regulations. Such entries shall be made whether 
or not the transmitter is used. 2 

(2) An entry of frequency measurements made pursuant to R & R 
74.465. 

(3) An entry when service or maintenance is performed on any 
transmitter, if such service or maintenance could affect proper opera- 
tion. The entry shall include a description of the work performed, the 
date and the signature and license serial number of the operator per- 
forming the service or maintenance duties or under whose supervision 
such duties have been performed. | 

(4) Entries as specifically requested by the Commission. 

(5) Remote pickup broadcast station or system logs and records may 
be kept at any location convenient to the licensee: Provided, Such log 
and records shall be readily available for inspection by a duly authorized 
representative of the Commission upon request. Logs and records shall 
be retained for a period of two years. 


Q. 4.135. What is the basic difference between STL and Intercity 
Relay broadcast stations? (R & R 74.501) 


A. (a) An STL station is used to transmit aural program material 
from a studio to the transmitter of a broadcast station. 

(b) An Intercity Relay station is used to transmit aural program 
material between broadcast stations. 


D. See Q. 4.34. 


Q. 4.136. What type of antenna must be used with STL and Inter- 
city Relay broadcast stations? (R & R 74.536) 


A. Each aural broadcast STL and Intercity Relay station is required 
to employ a directional antenna. Considering one kilowatt of radiated 
power as a standard for comparative purposes, such antenna shall pro- 
vide a free space field intensity at one mile of not less than 435 mV/m 
in the main lobe of radiation toward the receiver and not more than 20 
percent of the maximum value in any azimuth 30 degrees or more off 
the line to the receiver. Where more than one antenna is authorized for 
use with a single station, the radiation pattern of each shall be in ac- 
cordance with the foregoing requirement. 


Q. 4.137. What is the frequency tolerance provided by the 
Commission’s Rules for an STL and an Intercity Relay broadcast 
station? (R & R 74.502, 74.561) 
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A. The licensee of each aural broadcast STL and Intercity Relay 
station shall maintain the operating frequency of the station within plus 
or minus 0.005 percent of the assigned frequency. 

D. The frequency band 947-952 MHz is divided into ten 500 
kHz channels for assignment to aural broadcast STL and intercity 
relay stations. Each of the following frequencies is the center frequency 
of a channel: 


MHz MHz 
947.0 949.5 
947.5 950.0 
948.0 950.5 
948.5 951.0 
949.0 951.5 


A single broadcast station licensee will normally be limited to the as- 
signment of one 500 kHz channel between the same point of origin 
and destination. If the circuit carries only one aural program channel, 
the center frequency of the channel will be assigned. If a single licensee 
requires more than one aural program channel between the same point 
of origin and destination, more than one transmitter may be authorized 
to operate within a single 500 kHz channel, employing carrier fre- 
quencies above and below the center frequency listed in this paragraph. © 


ANTENNAS 


Q. 4.138. Under what two general conditions must antenna struc- 
tures be painted and lighted? (R & R 17.21) 


A. Antenna structures shall be painted and lighted when: 

(a) They exceed 200 feet in height above the ground. 

(b) The Commission may modify the above requirement for painting 
and/or lighting of antenna structures, when it is shown by the applicant 
that the absence of such marking would not impair the safety of air 
navigation, or that a lesser marking requirement would insure the safety 
thereof. 


Q. 4.139. What color(s) should antenna structures be painted? 
Where can paint samples be obtained? (R & R 17.23) 


A. (a) Antenna structures shall be painted throughout their height 
with alternate bands of aviation surface orange and white, terminating 
with aviation-surface orange bands at both top and bottom. The width 
of the bands shall be equal and approximately one-seventh the height 
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of the structure, provided however, that the bands shall not be more 
than 100 feet or less than 1% feet in width. | 

(b) Paint samples may be obtained from paint manufacturers who 
make paint in accordance with the specifications set forth by the FCC 
for aviation-surface orange and white. 


Q. 4.140. Ifa tower is required to be lighted and the lights are con- 
trolled by a light-sensitive device and the device malfunctions, when 
should the tower lights be on? (R & R 17.25) 


A. All lights shall burn continuously. 


Q. 4.141. As a general rule, a light-sensitive device used to con- 
trol tower lights should face which direction? (R & R 17.25) 


A. The light-sensitive device should face North. 


D. A light-sensitive control device may be used to control the ob- 
struction lighting in lieu of manual control. When a light-sensitive 
device is used, it should be adjusted so that the lights will be turned on 
at a north sky light-intensity level of about 35 foot-candles and turned 
off at a north sky light-intensity level of about 58 foot-candles. 


Q. 4.142. If the operation of a station’s tower lights are not con- 
tinuously monitored by an alarm device, how often should the lights 
be visually checked? (R & R 17.47) 


A. The lights should be visually checked at least once each 24 hours. 


Q. 4.143. How often should automatic-control devices and alarm 
circuits associated with antenna-tower lights be checked for proper 
operation? (R & R 17.47) 


A. Such devices should be checked at intervals not to exceed 3 
months. 


Q. 4.144. ‘What items regarding the operation of antenna-tower 
lighting should be included in the station’s maintenance log? 
(R & R 17.49) 


A. The licensee of any radio station which has an antenna structure 
requiring illumination shall make the following entries in the station 
record of the inspections required by R & R 17.47: 

(a) The time the daily check of proper operation of the tower lights 
was made, if automatic alarm system is not provided. 

(b) In the event of any observed or otherwise known extinguish. 
ment or improper functioning of a tower light: 

(1) Nature of such extinguishment or improper functioning. _ 
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(2) Date and time the extinguishment or improper functioning was 
observed, or otherwise noted. 

(3) Date, time, and nature of the adjustments, repairs, or replace- 
ments made. 

(4) Identification of Flight Service Station (Federal Aviation Ad- 
ministration) notified of the extinguishment of improper functioning of 
any core or rotating beacon light or top light not corrected within 30 
minutes, and the date and time such notice was given. 

(5) Date and time notice was given to the Flight Service Station 
(Federal Aviation Administration) that the required illumination was 
resumed. 

(c) Upon completion of the periodic inspection required at least 
once each 3 months: 

(1) The date of the inspection and the condition of all tower lights 
and associated tower lighting control devices, indicators, and alarm 
systems. 

(2) Any adjustments, replacements, or repairs made to ensure com- 
pliance with the lighting requirements and the date such adjustments, 
replacements, or repairs were made. 


Q. 4.145. Generally speaking, how often should the antenna tower 
be painted? 


A. All towers shall be cleaned or repainted as often as necessary to 
maintain good visibility. 


Q. 4.146. Is it necessary to have available, replacements lamps for the 
station’s antenna tower lights? 


A. A sufficient supply of spare lamps shall be maintained for im- 
mediate replacement purposes at all times. 


Q. 4.147. Generally speaking, how soon after a defect in the antenna- 
tower lights is noted, should the defect be corrected? 


A. Replacing or repairing of lights, automatic indicators or auto- 
matic alarm systems shall be accomplished as soon as practicable. 


Q. 4.148. What action should be taken if the tower lights at a station 
malfunction and cannot be immediately repaired. 


A. Report immediately by telephone or telegraph to the nearest 
Flight Service Station or office of the Federal Aviation Administration 
any observed or otherwise known extinguishment or improper function- 
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ing of a code or rotating beacon light (no matter where located on the 
tower) or top light not corrected within 30 minutes. Further notifica- 
tion by telephone or telegraph shall be given immediately upon 
resumption of the required illumination. 1h 


FCC-TYPE SAMPLE TEST FOR ELEMENT IV 


IV-1. Figure IV-1 shows a series a-c circuit in which 10 amperes is 
flowing. Find the applied voltage, Ey. (Q. 4.06) 


10 OHMS 


——» 
lOA 
E;=? X¢ = 50 OHMS 


X_ =24 OHMS 


An a-c series circuit, consistin & of a resistance, a capacitance, 
and an inductance. 


(a) 27.85 volts. 

(b) 278.5 volts. 

(c) 139 volts. 

(d) 2785 volts. 

(e) 2.785 volts. 
IV-2. The 1000 ohm cathode resistor of a vacuum-tube amplifier is 
bypassed with a capacitor. It is desired to operate the amplifier at a 
minimum frequency of 100 hertz. The required size of the capacitor 
is: (Q. 4.04) 

CA) 15/03 pe 

(b) 1.592 pF. 

(c) 0.032 pF. 

(d) 8.0 uF. 

(e) 25.0 pe. 
IV-3. If a transmitter is licensed to operate at 1020 kilohertz, its 7th 
harmonic is: (Q. 4.02) | 
(a) 7140 MHz. 
(b) 7140 kHz. 
(c) 2040 MHz. 
(d) 2040 kHz. 
(e) None of the above. 
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IV-4. Sawtooth waves are employed in the operation of an oscillo- 
scope because: (Q. 4.07) 

(a) Of their high repetition rate. 

(b) They can reproduce Lissajous figures. 

(c) They represent all harmonic frequencies. 

(d) They make possible a linear reproduction of a waveform. 

(e) They provide the vertical deflection for the scope. 


IV-5. Resistance noise in electrical conductors is caused by: (Q. 4.08) 
(a) Low temperatures. 
(b) Low resistances. 
(c) Random molecular motion. 
(d) Random temperature changes. 
(e) Excessive mechanical flexing. 


IV-6. A certain triode amplifier has a plate resistance of 25,000 
ohms, an amplification factor of 20 and a plate load resistance of 50,000 
ohms. The gain of this amplifier is: (Q. 4.09) 

(a) 133 

(b) 100 

(c) 50 

(djyris.3 

Fey 135.5 
IV-7._ A standard broadcast station is licensed to operate at 910 kilo- 
hertz. What are the maximum and minimum frequencies at which it 
is permitted to operate? (Q. 4.13) 

(a) 910,020 and 909,980 hertz. 

(b) 910,200 and 909,800 hertz. 

(c) 910,002 and 909,800 hertz. 

(d) 912,000 and 909,800 hertz. 

(e) None of the above. 
IV-8. The normal audio frequency band is considered to be: (Q. 
4.15) 

(a) 10 to 10,000 hertz. 

(b) 300 to 3000 hertz. 

(c) 30 to 30,000 hertz. 

(d) 50 to 5000 hertz. 

(e) 20 to 20,000 hertz. 


IV-9. If the phasing of two or more microphones is not correct, the 
results may be: (Q. 4.18) 

(a) Reduced frequency response. 

(b) Reduced output and distortion. 

(c) Excessive high-frequency response. 

(d) A stereophonic effect. 

(e) Non-directional pickup. 
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IV-10. The standard reference for volume units is: (Q. 4.20) 
(a) 0 V. U.=1 milliwatt in 5000 ohms. 
(b) 0 V. U. = 10 milliwatts in 600 ohms. 
(c) 0 V. U.=1 milliwatt in 500 ohms. 
(d) 0 V. U. = 0.0775 volt in 500 ohms. 
(e) 0 V. U. = 1 milliwatt in 600 ohms. 
IV-11. A pre-amplifier in a broadcast station is used to: (Q. 4.24) 
(a) Provide pre-emphasis. 
(b) Improve the signal-to-noise ratio of the mixer. 
(c) Provide de-emphasis just prior to the mixer. 
(d) Increase the overall percentage of modulation. 
(e) Prevent overmodulation by automatic control. 
IV-12. An amplifier has a gain without feedback of 50 and a feed- 
back of 10%. The gain with feedback is: (Q. 4.25) 
(a) 8.33 
(b) 0.833 
(c) 45 
(d) 5.0 
(e375 
1V-13. An important loss of high frequencies in tape recordings may 
be caused by: (Q. 4.31) 
(a) No gap between the tape and the tape head. 
(b) Tape head gap being exactly perpendicular to the tape. 
(c) An air gap between the tape and the tape head. 
(d) Direct contact between the tape and the tape head. 
(¢) A lack of magnetic oxide on the tape head. 
IV-14. An STL system is: (Q. 4.34) 
(a) An aircraft-to-ground communications system. 
(b) A ship-to-shore radio communications system. 
(c) A satellite-to-land radio communications system. 
(d) A studio-to-transmitter link, radio communications system. 
(¢) An SHF radio, two-way communications system. 
IV-15. In a “proof-of-performance” test for an AM Broadcast Sta- 
tion, a required test is to measure: (Q. 4.35) 
(a) The deviation ratio. 
(b) The modulation index. 
(c) The percent carrier shift. 
(d) The audio frequency amplitude. 
(e) The amplitude of parasitic oscillations. 
‘IV-16. If equalization of an incoming telephone line to a broadcast 
studio is required, the line equalizer equipment is generally placed: 
(Q. 4.36) 
(a) At the telephone company station. 
(b) Where the line connects to the studio-input equipment. 
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(c) After the studio mixer panel. 
(d) At the sending end of the line. 
(e) About 50% down the total length of the line. 
IV-17. Limiting amplifiers in broadcast stations are used to: (Q. 4.37) 
(a) Smooth out all amplitude variations. 
(b) Prevent overmodulation of the transmitter. 
(c) Maintain the modulation at a constant percentage at all times. 
(d) Limit the high frequency response to 15,000 hertz. 
(e) Limit any possible excessive amplitudes of low frequencies be- 
tween 30 and 500 hertz. 
IV-18. A resonant quartz crystal (ordinary) in its holder forms a 
tuned circuit with a Q in the order of: (Q. 4.42) 
(a) 250 
(b) 10 
(c) 100 
(d) 10,000,000 
(e) 20,000 
IV-19. In a mercury-thermometer type crystal heater, the mercury 
column serves to: (Q. 4.44) 
(a) Control the grid circuit of a vacuum tube. 
(b) Directly switch current on and off to a heater. 
(c) Indicate the temperature of the crystal operation on a calibrated 
scale. 
(d) Warn the operator of possible overheating conditions. 
(e) Provide the actual heat for the crystal. 
IV-20. A class B linear R-F amplifier is preferred over a class A 
type because: (Q. 4.45) 
(a) It operates at the extended cut-off point. 
(b) It has an efficiency in the order of 10%. 
(c) It has an efficiency in the order of 35%. - 
(d) It requires more power input for a given power output. 
(e) It cancels all odd harmonics. 
IV-21. A significant advantage of using grid-leak bias in a class C 
R-F power amplifier is that: (Q. 4.46) 
(a) It protects the tube in the event that the input signal 1s lost. 
(b) It permits a lower amplitude of driving signal to be used. 
(c) It increases the average plate current. 
(d) The output power remains relatively constant with changes of 
input signal. 
(e) The input signal amplitude is regulated. 
IV-22. An amplitude-modulated transmitter has a carrier output 
power of 50 kW and is modulated 50%. The amount of power in the 
sidebands is: (Q. 4.48) 
(a) 6.25 kW. 
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(b) 
(c) 


IV-24, 
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6.25 watts. 
31.25 kW. 
62.5 watts. 
0.6.25 watts. 
“Carrier shift’? occurs when: (Q. 4.49) 
The carrier frequency changes upward. 
The carrier frequency changes downward. 
The positive and negative modulation peaks become equal. 
The positive and negative modulation peaks are unsymmetrical. 
The carrier is frequency modulated. 
The operating power of a broadcast station is calculated with 


the direct method by: (Q. 4.50) 


(a) 
(b) 
(c) 


(Q. 4.51) 


meters: 
(a) 
(b) 


(c) 


(d) 
(€) 


The product of the antenna current squared, and the effective 
antenna resistance. 
The product of the plate volts, the plate current, and the plate 
efficiency of the final amplifier. 
The product of the final amplifier plate current squared and 
the effective antenna resistance. 
The use of a VSWR meter. 
The product of the total input current squared and the highest 
power supply voltage. 

Recycling relays are normally tripped when: (Q. 4.53) 
A continuous overload exists. 
A temporary or transient overload exists. 
Insufficient current is drawn, which is less than the relay rating. 
Battery charging current is excessive. 


) The highest B+ power supply voltage is too low. 


In transmitters, bleeder resistors are used primarily to: 


Ensure excellent power supply regulation. 
Discharge filter capacitors when the transmitter is shut down. 
Bleed off a portion of the power-supply ripple. 
Provide negative feedback in the modulator. 
Provide bias for the modulator, final amplifier. 

In an AM transmitter, the R-F amplifier plate-circuit am- 
(Q. 4.54) 
Are used to calculate the output R-F power. 
Are used to indicate correct plate-circuit tuning, by tuning for 
a dip in the reading. 
Are used to indicate correct plate-circuit tuning, by tuning for 
a maximum reading. 
Are used to detect parasitic oscillations. 
Are used only during neutralization. 
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IV-28. A ‘“T’ network used with a broadcast station antenna system: 
(Q. 4.56) 

(a) Is used basically to prevent harmonic radiation. 

(b) Is used to adjust the directional pattern. 

(c) Is used in measuring the antenna current. 

(d) Is used to match the impedance of the transmission line to the 

antenna. 

(e) Is used for lightning suppression. 
IV-29. The field intensity of a 10-kW transmitter measured 2 miles 
from the transmitter is 500 »V/meter, At a distance of 8 miles from 
the transmitter, the field intensity is: (Q. 3.203) 

(a) 62.5 pV. 

(b) 125 pV. 

Cejial 2D pV. 

(d) 6.25 pV. 

(e) 1.25 pV. 
IV-30. Figure IV-30 is a representation of a cathode-ray oscilloscope 
display of amplitude modulation. The approximate percentage of 
modulation shown is: (Q. 4.58) 


[D> 


‘Trapezoidal pattern of modulation. 


(a) 25%. 

(b) 10%. 

(c) 50%. 

(d) 75%. 

(e) 100%. 
IV-31. A reactance tube functions by virtue of the fact that the tube 
is made: (Q. 4.60) 

(a) To operate at saturation plate current. 

(b) To operate at cut-off bias. 

(c) To operate as a pure resistance. 

(d) To function as an inductive or capacitive reactance. 

(e) To function as a varactor. 
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IV-32. In frequency modulation, the instantaneous: (Q. 4.61) 

(a) Carrier phase follows the amplitude of the modulation. 

(b) Carrier frequency follows the amplitude of the modulation. 

(c) Carrier amplitude follows the phase of the modulation. 

(d) Modulation amplitude determines the output power. 

(€) Modulation frequency determines the deviation. 
IV-33. In an FM receiver, de-emphasis: (Q. 4.63) 

(a) Is a method of FM demodulation. 

(b) Is used for FM demodulation. 

(c) Is necessary to demodulate single-sideband transmission. 

(d) Is a method of demodulating narrow-band FM. 

(¢) Occurs immediately following the FM detector. 
IV-34. A transmitter with an output power of 10 kW feeds an antenna 
with a power gain of 11.6 dB via a transmission line having a power 
loss of 1.6 dB. The effective radiated power (ERP) is: (Q. 4.64) 

(a) 100 kW. 

(b) 1000 kW. 

(c) 10 kW. 

(d) 32.2 kW. 

(e) None of the above. 
IV-35. The directional antenna pattern of an AM station may change 
if: (Q. 4.68) 

(a) The transmitter power is increased. 

(b) The transmitter power is reduced. 

(c) A slight change in transmitter frequency occurs. 

(d) The phase of currents fed to individual elements is changed. 

(e) The transmission-line loss increases. 
IV-36. In the Image-Orthicon camera tube, the function of the 
multiplier section is to: (Q. 4.71) 

(a) Improve the signal-to-noise ratio of the output signal. 

(b) Improve the gamma of the camera tube. 

(c) Increase the definition of the camera tube. 

(d) Discharge the thin-glass target in the image section. 

(¢) Improve the focus of the scanning beam. 
IV-37. In a television field, there are 262.5 scanning lines. Of 
these, the number of lines which actually produce picture information 
is: (Q. 4.73) 

(a) 181.25 

(b) 242.5 

(c) 200.0 

(d) 262.5 

(e) 142.5 
IV-38. In a television transmission, the function of the equalizing 
pulses is to: (Q. 4.74) 

(a) Equalize the time of each field. 


Element IV ADVANCED RADIOTELEPHONE 485 


(b) Equalize the time of each frame. 

(c) Ensure correct interlacing of odd and even fields. 

(d) Prevent vertical roll of the picture. 

(e) Equalize the centering of the picture. 
IV-39. In a TV color transmission, the frequency of the color sub- 
carrier is: (Q. 4.76) 

(a) 4 MHz. 

(b) 3.58 MHz. 

(c) 1.25 MHz. 

(d) 4.5 MHz. 

(e) 5.45 MHz. 
IV-40. In TV transmission systems, a reflectometer is used to: 
(Q. 4.77) 

(a) Produce a controlled standing-wave ratio. 

(b) Eliminate standing waves on the transmission line. 

(c) Measure the transmission line, standing-wave ratio. 

(d) Reflect the incident waves on the transmission line. 

(e) Absorb the reflected waves on the transmission line. 
IV-41. In a TV transmission system, the function of a diplexer is 
to: (Q. 4.80) 

(a) Modulate the picture transmitter. 

(b) Modulate the sound transmitter. 

(c) Mix the color subcarrier with the picture carrier. 

(d) Mix the picture and sound transmitter outputs and feed them 

to a single antenna. 
(e) Mix the monochrome and color transmitter outputs and feed 
them to a single antenna. 

IV-42. The average value of a sine wave is related to its peak value 
by the figure: (Q. 4.83) 

(a) 0.636 

(b) 1.414 

(c) 0.9 

(d) 0.707 

(e) 1.636 
IV-43. The conventional type of a-c voltmeter or ammeter 1s cali- 
brated to read the: (Q. 4.83) 

(a) Peak value. 

(b) Rms value. 

(c) Average value. 

(d) Peak-to-peak value. 

(e) Actual value. 
IV-44. Refer to the schematic diagram of a class C amplifier shown in 
Fig. 4.85 (a). In the absence of an R-F input signal the R-F amplifier’s: 
(Q. 4.85) 


(a) Grid current will be maximum. 
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(b) 
(c) 
(d) 
9) 
IV-45. 
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Plate current will be minimum. 
Cathode bias will be maximum. 
Plate current will be maximum. 
Grid bias will be maximum. 
Most television video transmitters use grid modulation be- 


cause: (Q. 4.86) 


(a) 
(b) 
(c) 
(d) 
(e) 
IV-46. 
in Fig. 
(a) 
(b) 
(c) 
(d) 
(e) 
IV-47. 


Of the high values of load impedance required. 
Of the wide bandwidth required. 

Plate modulation will be too distorted. 

The video carrier is frequency modulated. 

It requires greater driving power. 

In the block diagram of a monochrome TV transmitter shown 
4.89(d), the purpose of the sync stretcher is to: (Q. 4.89) 
Increase the width of the sync pulses. 

Decrease the frequency of the sync pulses. 
Control the amplitude of the sync pulses. 
Stretch (or decrease) the time of the vertical retrace interval. 
None of the above. 
In a standard AM broadcast station employing X- or Y-cut 


crystals, the maximum permissible temperature variation is: (Q. 4.93) 


(a) 
(b) 


Plus or minus 0.1 degree C. 
Plus or minus 1.0 degree C. 
Plus or minus 0.5 degree C. 
Plus or minus 0.05 degree C. 
Plus or minus 0.15 degree C. 
The allowable frequency tolerance at FM broadcast stations 


4.114) 


Plus or minus 20 hertz. 
Plus or minus 200 hertz. 
Plus or minus 0.05 percent. 
Plus or minus 2000 hertz. 
Plus or minus 0.01 percent. 
In the system of television, vestigial sideband transmission: 


(Q. 4.123) 


(a) 
(b) 
(c) 
(4) 
(c) 

IV-50. 

(a) 
(b) 
(c) 
(4) 
(e) 


Both sidebands are reduced in amplitude. 
Only one of the sidebands is reduced in amplitude. 
The frequency bandwidth of one sideband is reduced. 


The frequency bandwidth of both sidebands is reduced. 
The carrier is suppressed and only one sideband is transmitted. 


An Intercity Relay station normally transmits: (Q. 4.135) 
Aural programs between broadcast stations. 


Video programs between broadcast stations. 


Emergency broadcasts only. 
Telephone messages between cities. 
Only programs handled by satellites. 
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SHIP RADAR TECHNIQUES 


Question 8.01. What are the FCC license requirements for the 
operator who is responsible for the installation, servicing, and main- 
tenance of ship radar equipment? (R & R 13.61) 


Answer. Such an operator must have a first or second-class radio- 
telephone or radiotelegraph license plus a ship radar endorsement (Ele- 
ment 8). 


Discussion. Replacements of fuses and receiving-type tubes may be 
made by unlicensed persons. 


Q. 8.02. Who may operate radar equipment in the Ship Service? 
(R & R 83.173) 


A. The Master, or any person designated by the Master may operate 
a ship radar station during the course of normal rendition of service. 


D. Only properly licensed personnel may supervise or be responsible 
for the performance of any adjustments or tests during or coincident with 
the installation, servicing, or maintenance of ship radar equipment while 
it is radiating energy. 

Q. 8.03. Under what conditions may a person who does not hold a 


radio operator license operate a radar station in the Ship Service? 
(R & R 83.164) 


A. The following conditions apply: 
1. The radar equipment shall employ as its frequency-determining 
element a nontunable, pulse-type magnetron, or other fixed-tuned device. 
2. The radar equipment shall be capable of being operated during 
the course of normal rendition of service in accordance with the radio 
law and the rules and regulations of the Commission by means of 
exclusively external controls. See also preceding question. 
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Q. 8.04. Who may make entries in the installation and maintenance 
record of a ship radar station? (R & R 83.405) 


A. Entries shall be made by or under the personal supervision of 
the responsible installation, service, or maintenance operator concerned 
in each case. The station licensee is also jointly responsible for the 
faithful and accurate making of such entries. 


Q. 8.05. What entries are required in the installation and maintenance 
record of a ship radar station? (R & R 83.405) 


A. The following entries are required: 

1. The date and place of initial installation. 

2. Any necessary steps taken to remedy any interference found to 
exist at the time of such installation. 

3. The nature of any complaint (including interference to radio 
communication) arising subsequent to initial installation and the date 
thereof. 

4. The reason for the trouble leading to the complaint, including 
the name of any component or component part which failed or was 
misadjusted. 

5. Remedial measures taken, and the date thereof. 

6. The name, license number, and date of the ship radar operator 
endorsement on the first- or second-class radio operator license of the 
responsible operator performing or immediately supervising the instal- 
lation, servicing, or maintenance. 


Q. 8.06. Who has the responsibility for making entries in the installa- 
tion and maintenance record of a ship radar station? (R & R 83.405) 


A. See Question 8.04. 


Q. 8.07. Within what frequency bands do ship radar transmitters 
operate? (R & R 83.404) 


A. The following frequency bands are authorized: 2900 to 3100 
MHz; 5460 to 5650 MHz; 9300 to 9500 MHz. 


Q. 8.08. May fuses and receiving type tubes be replaced in ship 
radar equipment by a person whose operator license does not con- 
tain a ship radar endorsement? (R & R 13.61) 


A. Yes. No license is required for such replacement. 


D. See Q. 8.01. 


—Q. 8.09. Explain briefly why radar interference to a radiotelephone 
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receiver is frequently characterized by a steady tone in the radio loud- 
speaker. 


A. A steady tone is often heard. This is the pulse repetition rate of 
keying the radar transmitter (or a harmonic) which is detected in the 
receiver and heard as an audio tone. 


D. Radar transmitters are pulse modulated; that is, the carrier is 
turned on and off (or pulsed) at regular intervals. The pulse repetition 
rate is determined by the timing unit and is usually within audio 
range. It is possible for the timing signal to reach receivers directly 
through power lines, etc., or by being radiated and then detected in the 
receiver, where it is heard as a steady tone signal. This interference can- 
not generally be “tuned out” of the receiver because of the harmonics 
present in each pulse which cause many heterodyning frequencies to 
be generated. Also, some of the interference is due to detection of the 
radar carrier signal by the communications receiver and it is not pos- 
sible to tune out such interference. 


Q. 8.10 Describe how various types of interference from a radar in- 
stallation may be apparent to a person when listening to a communi- 
cations receiver. 


A. Radar interference in a communications receiver will generally 
take either or both of the two following forms: 

1. A steady tone due to the pulsed rate. This will have a musical 
sound. 

2. Noise or “hash.” This is usually caused by such items as: 

(a) Radar motor generator, or 

(b) Improper grounding, bonding, and shielding 


D. See Q. 8.09, Q. 3.240 and also Q. 3.181. 


Q. 8.11. How are the various types of radar interference recognized 
in (a) auto-alarm equipment, (b) direction-finding equipment? 


A. (a) Radar interference in auto-alarm equipment may be de- 
tected by plugging the earphones into the jack provided on the auto 
alarm for listening purposes and listening for hash or a steady tone. 
The radar may be shut down temporarily to determine if it is causing 
the interference detected. 

(b) ‘The same procedure as in (a) above may be used to detect 
radar interference in direction-finding equipment. It may also be ad- 
vantageous to rotate the D/F loop in trying to find the source of in- 
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terference, although radar interference from the same ship the D/F is 
on, may not have directional properties. 


D. See Questions 8.09, 8.10, and 8.13. 


Q. 8.12. On what frequencies should the radar serviceman look for 
radar interference to communication receivers on ships equipped with 
radar? 


A. It is possible to find radar interference on practically any com- 
munication frequency because of the many harmonics produced by 
pulsing. 


D. See Question 8.09. 


Q. 8.13. In checking a direction finder for interference caused by 
radar equipment, would it be a good policy to check for interference 
while the D/F loop is being rotated? 


A. It would be a good policy, although not necessarily effective as 
the interference may not show directional Properties especially if it is 
coming from the power line or timer. 


D. See Questions 8.11 (b) and 8.15. 


Q. 8.14. List at least two types of indications on a loran scope that 
signifies that a radar installation is causing interference to the loran. 


A. Two types of indications on a loran scope signifying radar in- 
terference are: 


1. Narrow vertical pulses or “spikes” moving across the scope 
_ screen. 
2. Hash or “grass” in the vicinity of the scanning lines. 


D. The “spikes” on a loran scope are caused by the radar pulses 
originating in the timing unit. Since there is no synchronization be- 
tween the loran sweep and the radar pulsing, the spikes cannot remain 
stationary but will move across the screen. “Grass” interference would 
correspond to hash or noise if heard on a headset. It may originate in 
the motor generator set or be caused by poor grounding and bonding. 


Q. 8.15. Is there any likelihood of a radar installation causing inter- 
ference to radio receivers if long connecting lines are used between the 
radar transmitter and the radar modulator? 


A. There is, if such lines are not shielded and terminated properly. 
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D. The pulses produced by the timing unit to trigger the radar 
transmitter (magnetron) are of extremely short duration and so con- 
tain many harmonic frequencies. Thus a pulse with a repetition rate of 
1000 Hz and a pulse width of 1 microsecond could easily contain har- 
monic frequencies of appreciable amplitude up to and beyond 30 MHz. 
If long connecting lines which are shielded improperly are used, the 
radiation of these harmonic frequencies may cause interference in any 
and all communications and other receivers which may tune to such 
harmonics. 


Q. 8.16. What steps might be taken by a radar serviceman to elimin- 
ate a steady-tone of interference to radio communication receivers, or 
interference to loran receivers evidenced by “spikes?” 


A. First check the grounding, bonding, and shielding of all units. 
If there are built-in filters in the radar set, check these. If not present, 
such filters may have to be installed. 


D. The surest way to eliminate this type of interference is to pre- 
vent its radiation. Low-pass filters should be installed in all power 
lines to prevent interference from spreading through this path to other 
equipment. All grounding, bonding, and shielding should be thorough 
and well done. 

It would be extremely difficult to try and filter out the radar pulses 
from receiving equipment. The reason for this is that the pulses are 


very steep and of short duration (1 microsecond or less). This means 
that such pulses contain many harmonics of the fundamental repetition 
rate. Radar with a pulse repetition rate of say 1000 Hz could have 
harmonics of this rate every 1000 Hz up to many megahertz. Thus, 
effective filtering is extremely difficult for either the radar transmitter 
or outside receiving equipment. 

If, in this case, you tried to filter out (at the radar) all modulation 
frequencies above 1000 Hz, you would completely destroy the shape 
of the radar pulse by removing its harmonics. Under this condition, 


the radar could not function usefully. 


Q. 8.17. What steps might be taken by a radar serviceman to reduce 
“grass” on a loran scope or motor-generator noise in communication re- 
ceivers? 


A. Make sure that the commutators, slip rings, and brushes are all 
in good condition. If filters are present at the motor-generator set, 
check these and also bonding and grounding as well as power connec- 
tions for tightness and good contact. See also Questions 8.10 and 8.14. 


D. See Q. 3.240 and also Q. 3.181. 
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Q. 8.18. Name at least four pieces of radio or electronic equipment 
aboard ship that might suffer interference from the radar installation. 


A. Some pieces of equipment which may suffer from radar inter- 
ference are: 
1. Communications receivers 
Loran 
Auto-alarm 
Direction finder 
5. Public-address system. 


D. See Questions 8.09 through 8.17 and 8.19. 


AWN 


Q. 8.19. Why is it important that all units of a radar installation be 
thoroughly bonded to the ship’s electrical ground? 


A. There are two important reasons for this. 

1. To place all external metal components at ship’s ground and thus 
prevent the possibility of shock to operators and others. 

2. To reduce interference caused by the radar to other pieces of elec- 
tronic equipment on shipboard. 


D. See Questions 8.14 and 8.17. 


Q. 8.20. What may cause bright flashing pie sections to appear on 
a radar PPI scope? 


A. This may be caused by a defective crystal in the AFC section of 
the radar receiver. 


D. Any other defect in an AFC system which would cause ‘“‘unlock- 
ing” and “sweeping” of the AFC could also cause bright flashing to 
appear. A somewhat similar-appearing defect may be caused by “spok- 
ing.” Generally, this refers to an irregular rotation of the deflection coil 
about the neck of the PPI tube. Such irregular rotation may result from 
a defective servo amplifier, or from mechanical binding of the deflection- 
coil assembly. It may also result from poor synchro slip-ring contacts or 
a defective deflection-coil drive motor. 


Q. 8.21. What symptoms on a radar scope would indicate that the 
radar receiver mixer crystal is defective? 


A. Any or all of the following symptoms may be present: 
1. “Targets” (or echoes) will be unusually weak or will not be seen 
at all. 
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2. An excessive noise level (“grass”) may be present on the scope. 
3. The crystal current meter on the radar receiver will read abnor- 
mally low, or zero. 


D. Great care should be taken in testing or replacing crystals as 
static charges may ruin them (see Question 8.49). The front-to-back 
resistance ratio is a measure of the condition of the crystal and may 
be checked as indicated in Question 8.22. 


Q. 8.22 What tests may a radar serviceman make to determine 
whether or not the radar receiver mixer crystal is defective? 


A. The serviceman may make a quick check by observing the read- 
ing on the crystal current meter of the radar receiver. Also, the front- 
to-back ratio of the crystal may be checked roughly by reading the for- 
ward and backward resistance on an ohmmeter. 


D. One method of determining the condition of a crystal is to de- 
termine its front-to-back resistance ratio. This should be done with a 
high-impedance or electronic-type voltmeter. First measure the resist- 
ance across the crystal with the meter leads in either position. Then 
reverse the meter leads and measure it again. The larger reading, div- 
ided by the smaller reading, gives you the front-to-back ratio. In a nor- 
mal crystal, this should be in the order of 20 to 1 or so. This may 
vary with different types, and you should find out the normal front-to- 
back ratios for the particular crystals in your radar. As a guide in 
measuring, the 1N23E crystals should read about 250 to 500 ohms for 
one polarity and about 10,000 ohms for the reverse polarity. 


Q. 8.23. In a radar set, what are indications of (a) a defective mag- 
netron, (b) a weak magnet in the magnetron, (c) defective crystal in 
the receiver converter stage? 


= 


(a) Defective Magnetron: 

Sweep, noise, and range marks appear, but no targets. 
Arcing in modulator tube. 

Low magnetron current indication. 

Arcing in magnetron. 

Weak signals on PPI. 

Targets appear “fuzzy” with “spokes” present. 
Magnetron undercurrent relay drops out. 

. Poor AFC action. 

(b) Weak Magnet of Magnetron: 

1. Magnetron current meter will show an increase. 

2. Oscillation may stop under extreme cases of weakening. 


ee ee, 
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3. Oscillation frequency will probably change. 


4, AFC action may be poor. 
(c) Defective Crystal: See Question 8.21. 


D. The magnetron should never be operated without the magnet 
in position. To do so, may destroy the tube in a short time. To prevent 
this from happening, an overload relay is generally provided to protect 
the magnetron from damage. These relays are normally an integral part 
of a modulator. For example, one overload relay may appear in the 
modulator high-voltage d-c supply to protect the supply against defects in 
the modulator and in the pulse-forming network. Another may be in 
series with the inverse-protective diode. This relay protects the modu- 
lator against defects in the magnetron or magnetron-pulse transformer, 
which may cause a mismatch between the pulse-forming network and 
the magnetron. A mismatch tends to cause reflections in the pulse-form- 
ing network. Each reflection doubles the voltage on the network and 
may, if unprotected by the inverse diode and its overload relay, cause 
a breakdown of the network or its associated components. 

The inverse-diode circuit is connected to the input of the pulse-form- 
ing network in such a way as to discharge to ground any undesired 
reflections on the network. 


Q. 8.24. What precautions should a radar serviceman take when 
working with or handling a magnetron to prevent weakening or dam- 
age to the magnetron? 


A. The following precautions should be taken to protect the magnet 
unit of the magnetron. 

1. Do not subject the magnet to extreme heat. 

2. Do not subject the magnet to shocks or blows. 

3. Keep all magnetic materials, such as tools, away from the im- 
mediate vicinity of the magnet. 

The magnetron tube proper should be treated as any other delicate 
electron tube. 


Q. 8.25. What precaution should a radar serviceman observe when 
making repairs or adjustments to a radar set to prevent personal injury 
to himself or other persons? 


A. First shut off all power. Then be sure to discharge all high- 
voltage capacitors fully by means of a suitable grounding stick or cable. 
Always handle cathode-ray tubes with great care. (If possible, wear 
gloves and goggles.) 


Element VIII SHip RaparR TECHNIQUES 495 


D. If adjustments or repairs must be made with power on, always 
have a second person at the site who can shut off the power and render 
immediate assistance, if required. 


Q. 8.26. Is there any danger in testing or operating radar equipment 
aboard ship when explosive or inflammable cargo is being handled? 


A. There would be some danger due to the possibility of arcing 
occurring in various parts of the radar equipment. It would be best to 
take no chances and shut off the radar when inflammable or explosive 
cargo is being handled. 


D. In addition to the danger caused by arcing, a further possible 
source of ignition is the radar beam itself. This is especially true of a 
high-power focused beam. The energy in such a beam may be sufhcient 
to ignite certain highly flammable material, or it may cause r-f arcing 
between metallic surfaces, thereby creating a hazard. If any danger of 
flame or explosion exists, do not operate the radar set (or any other radio 
transmitter ). 


Q. 8.27. What considerations should be taken into account when 
selecting the location of the radar antenna assembly aboard ship? 


A. There are two prime considerations: 


1. The antenna proper should be located so that it will encounter a 
minimum number of obstructions while scanning the area around the 


ship. This is particularly important in the directions forward and off 
the bows. 

2. The length of waveguide run from the antenna to the radar 
transmitter should be kept to the minimum practical run. 


D. 1. Because of the very high frequencies and the parabolic re- 
flector used in radar transmission, the beam is concentrated into very 
narrow angles. Thus, any obstruction which is in the path of the beam 
blocks it almost as effectively as if it were a searchlight beam. This 
may produce areas in which no target pickup is possible and make 
the radar “blind” in certain directions. This is particularly undesirable 
in areas directly ahead or behind the ship because of possible collision 
conditions. 

2. The waveguide from the antenna to the radar transmitter is a 
form of transmission line. There are some rather difficult mechanical 
considerations to be met in installing waveguides and these, in general, 
increase as the Iength of run becomes greater. In addition to the in- 
stallation problem, the losses of the waveguide increase with greater 
lengths and there is also a greater possible accumulation of moisture 
due to condensation, in longer lengths of waveguide. — 
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Q. 8.28. Describe briefly the construction of a waveguide. Why 
should the interior of the waveguide be clean, smooth, and dry? 


A. A waveguide is a form of transmission line and consists of a 
hollow rectangular or circular pipe. The waves are carried imside of the 
pipe. Waveguides are frequently made of copper or brass and are often 
plated on the interior with silver to assure a smooth and highly con- 
ducting interior surface. The interior should be kept clean, smooth, and 
dry in order to assure minimum losses and prevent interior arcing. 


D. See Q. 3.249, Q. 3.250, Q. 8.30, Q. 8.31, and Q. 8.33 through 
Q. 8.35. 


Q. 8.29. When installing waveguides, why should long, perfectly 
level sections of waveguides be avoided? Why is a small hole about 4 
inch in diameter sometimes drilled on the underside of an elbow in a 
waveguide near the point where it enters the radar transmitter? 


A. Long, level runs are undesirable because of the possibility of 
accumulating condensed moisture inside of the waveguide. A small 
hole at the lowest point of the waveguide may be drilled to drain out 
condensed moisture in the waveguide. 


D. See Q. 3.250 and Q. 8.28. 


Q. 8.30. Why are waveguides used in preference to coaxial lines for 
the transmission of microwave energy in most shipboard radar installa- 
tions? 


A. Waveguides are preferred over coaxial lines for transmitting 
microwave energy because their losses are considerably less and also 
because for a given size they can transmit more power than a coaxial line. 


D. A simple comparison between a circular waveguide and a coax- 
ial line of similar dimensions is made here to illustrate the two ad- 
vantages mentioned above. Refer to Fig. 8.30. A coaxial line has an 
inner conductor which must be insulated from the outer conductor. 
Frequently, this is done by means of insulating beads. At microwave 
frequencies, the dielectric loss in the beads is considerable. A wave- 
guide, as generally used, has only air as a dielectric. However, air has 
a negligible dielectric loss at practically any frequency which makes the 
dielectric losses in a hollow waveguide less than that of a coaxial line. 
The high-frequency current losses in a waveguide are also less than for 
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Fig. 8.30. Comparison between coaxial line and circular wave guide. 


a coaxial line. This is due to the elimination of the thin inner con- 
ductor in which most of the “copper losses” occur. 

A waveguide can carry more power than a coaxial line of the samé 
diameter. Referring again to the figure, we can see that the distance 
A’-B’ is greater than A-B in the coaxial line. Since the maximum volt- 
age appears between points A’-B’ in a round waveguide, it is evident 
that a greater air space appears in the waveguide than in the coaxial 
line between maximum voltage points. This means a greater break- 
down voltage rating for the waveguide, which, in turn, indicates a 
greater power handling capacity for a given outside diameter of line. 


Q. 8.31. Why are rectangular cross-sectional waveguides generally 
used in preference to circular cross-sectional waveguides? 


A. Circular waveguides are generally not used in radar because 
their electric field has a tendency to change direction at bends and 
thus change the polarization of the wave. Rectangular waveguides, on 
the other hand, can be made to maintain the desired polarization. 


D. An exception to the above is to be found in a rotating joint 
which permits the antenna to move with respect to the fixed wave- 
guide. This rotating joint must be circular for mechanical reasons, while 
the waveguide leading up to the rotating joint is usually rectangular. 
By means of special devices, the desired polarization is passed on to 
the antenna regardless of the rotation of the circular joint. 


Q. 8.32. Describe how waveguides are terminated at the radar an- 
tenna reflectors. 


A. There are a number of ways in which a waveguide may be 
terminated at the radar antenna reflector. Two methods are shown in 
Fig. 8.32. In part (a) are shown three variations of “horn” radiators. 
These horns point into the parabolic reflector, which forms the energy 
into a narrow beam. In part (b) of the figure, the wavelength is termi- 
nated in a polystyrene window placed at the focal point of the para- 
bolic reflector. 
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D. A brief discussion of each of the two above-mentioned systems 
follows: 

(a) Horn radiators are frequently used to obtain directive radiation 
in the microwave region. Their physical dimensions must be large 
when compared with the operating wavelength, but this. becomes en- 
tirely practical at microwave frequencies. The operation o£ an electro- 
magnetic horn radiator is similar to that of acoustic horns used with 
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Fig. 8.32. Two methods of terminating waveguides. 


certain loudspeaker systems, that is, the horn serves to match the im- 
pedance of the waveguide to the impedance of external space. Horns 
are frequently directed toward a parabolic reflector, which then serves 
to concentrate the energy into a narrow beam suitable for accurate 
tracking purposes. 

(b) Another method of terminating a waveguide at the antenna re- 
flector is by means of a polystyrene window, as shown in part (b) of 
the figure. The polystyrene window is placed at the focal point of the 
parabolic reflector. The “window” acts as an impedance-matching de- 
vice between the waveguide and the parabolic reflector, and free space. 
The correct impedance match is obtained by selecting the correct oe 
ical dimensions of the window. 


Q. 8.33. What precautions should be taken when installing vertical 
sections of waveguides with choke-coupling flanges to prevent moisture 
from entering the waveguide? 
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A. Moisture may be prevented from entering by inserting a suitable 
gasket at each choke-coupling flange and making certain that the 
flanges are joined tightly. 


D. See Q. 3.250, Q. 3.252, and Q. 8.29. 


Q. 8.34. Why are choke joints often used in preference to flange 
joints to join sections of waveguides together? 


A. Choke joints are often used in preference to simple flange joints 
because they prevent loss of energy when used as expansion or rotating 
joints and also because they will tolerate a moderate degree of misalign- 
ment of the waveguide sections without excessive losses. 


D. See next question for sketches and discussion of choke joints. 


Q. 8.35. Draw a longitudinal section of a waveguide choke joint and 
explain briefly its principle of operation. 
A. See Fig. 8.35. The choke joint includes a circular groove (or 


“slot”) which has a depth of one-quarter wavelength. This means that 
the input impedance of the slot (across A-B) will be infinite. The 
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Fig. 8.35. Cross section of choke joint. 


distance from the center of the slot to the waveguide (X-Y) is also a 
quarter wave. The infinite impedance of A-B is effectively transformed 
through the quarter-wave section X-Y, into a short circuit across C-D. 
Thus, C and D are effectively connected electrically even though they 
may not be mechanically. 


D. Choke joints are commonly used to connect portions of a wave- 
guide together. Such joints are used to fulfill one or more of these 
functions: 

(a) To provide low-loss electrical connection between two parts of 
the system, such as the waveguide and the magnetron itself. 
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(b) To provide mechanical isolation between two parts of the 
system so that vibration from one part will not damage another, for 
example, the antenna vibrations should not be transmitted to the mag- 
netron. 

(c) To permit the removal of certain sections of the waveguides to 
facilitate repairs and replacements. 

The choke joint usually consists of two flanges. These are fixed to 
the waveguide at their center and face each other. The right-hand 
flange (in the figure) is machined flat while the left-hand flange con- 
tains the slot (described above). 

In practice, the two flanges may be separated mechanically by. as 
much as several millimeters. (One millimeter equals about 1/25 of an 
inch.) The separation must not, in general, exceed this distance to pre- 
vent excessive losses and reflections. 


Q. 8.36. Describe how a radar beam is formed by a paraboloidal 
reflector. 


A. A narrow beam of r-f energy is formed by a parabolic reflector 
in a manner which is analogous to the reflection of light from a para- 
bolic light reflector as used in a searchlight. . 


D. The r-f energy is fed into the reflector at its focal point as shown 
in the figures of Question 8.32. Because of the paraboloidal shape of 
the reflector, practically all of the r-f energy which reaches the reflector 
will be effectively focused into a narrow beam and reflected. The para- 
bolic reflector (or “dish”) must be large in comparison with the wave- 
length. In general, the larger the reflector (diameter), the narrower will 


be the beam. 


Q. 8.37. What effect, if any, does the accumulation of soot or dirt 
on the antenna reflector have on the operation of a ship radar? 


A. A thin layer of soot or dirt has little or no effect upon the 
operation of a ship radar since the microwave energy is apparently able 
to penetrate a normal accumulation with only small losses. 


D. An excessive amount of “crust” on the surface of the reflector 
may decrease the performance of the set, especially for weak targets and, 
in such cases, the reflecting surface should be wiped clean. It is more 
important to keep the plastic window at the end of the waveguide 
clean. An accumulation of soot or dirt here can introduce considerable 
loss. 


Q. 8.38. What is the purpose of an echo box in a radar system? Ex- 
plain the principle of operation of the echo box. What indications may 
be expected on a radar scope when using an echo box and the radar 
set is operating properly? When the radar set is not operating properly? 
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A. (a) The purpose of an echo box is to provide an artificial tar- 
get which may be used to tune the receiver and also give an indica- 
tion of the over-all radar system performance. 

(b) An echo box is a very high Q resonant cavity which is shock- 
excited by the transmitted pulse. In turn, its oscillations are returned 
to the receiver and appear as an artificial target on the radar scope. 

(c) Ship radars generally use a PPI scope. When the echo box is 
motor-tuned (see discussion), the indication consists of a series of 
spokes extending radially outward from the center of the PPI scope 
as shown in part (a) of Fig. 8.38. The spoke length is maximum 


RADAR PULSE 


TRANSMITTING PERIOD 
(a) OF RADAR SET 


RADIATING 
PERIOD OF 


INTENSIFIED ECHO BOX 
AREA 


| 


ECHO BOX 
OSCILLATIONS 


(b) (c) 


Fig. 8.38. (a) Indication on PPI due to motor-driven echo box, (b) 
indication on PPI due to echo box set at resonance, (c) relation be- 
tween transmitted-pulse and echo-box oscillations. 


when the radar is operating normally. When the echo box is simply 
left at resonance, the central portion of the PPI scope will be intensi- 
fied, as shown in part (b) of the figure. 

(d) When the radar is not operating properly, the length of the 


spokes (or radius of intensified area) will be less than under normal 
operation. 


502 Radio Operator's License Q and A 


D. Normal radar target signals do not, in general, furnish a satis- 
factory means of checking radar system performance. Variations in 
atmospheric conditions, the difference in the character of various sig- 
nals, and also the lack of proper reference signals make it difficult for 
the operator to check the performance of the radar. This is particu- 
larly true of a ship radar where the geographical location of the radar 
may be constantly changing. To overcome these difficulties, a so-called 
“echo box” has been designed to furnish a standard reference signal 
so that the operation of the radar can be checked periodically against 
the reference in any geographical location. This echo box consists of a 
high Q resonant cavity with means provided for coupling some trans- 
mitter energy into and out of the box. In addition, a plunger arrange- 
ment is provided to change the length of the cavity and thus vary its 
resonant frequency. In some cases, this plunger is driven by a motor 
through a reciprocating device so that the cavity is periodically tuned 
through resonance for a short-period of time. As previously described, 
this action results in a series of spokes being produced due to the 
sweep rotation of the PPI scope. 

The action of the echo box in providing a reference signal is briefly 
as follows: During the short transmitting pulse, some of the transmitted 
energy is fed into the echo box and shock excites it into oscillations 
which increase in amplitude during the pulse time. This is shown in 
part (c) of the figure. At the end of the transmitting pulse, the echo 
box continues to oscillate at a decaying amplitude and reradiates energy 
back to the radar receiver. A short time after the end of the transmitted 
pulse, the amplitude of oscillations in the echo box will decrease below 
the sensitivity level of the receiver. The time from the end of the trans- 
mitter pulse to the time when the oscillations no longer produce an in- 
dication on the scope through the receiver is known as the “ringing 
time.” This ringing time is a function of the power output of the 
transmitter and the sensitivity of the receiver and manifests itself on 
the PPI in the form of spokes or as an intensified area with a certain 
radius. The length of these spokes (or the radius) is measured when 
the radar system is known to be operating at good efficiency. Using 
this as a standard reference, periodic measurements are made with the 
echo box and any radical decrease in the ringing time means that either 
the transmitting or receiving components of the radar may be defective 
and repairs are in order. 


Q. 8.39. Draw a block diagram of a radar system, labeling the an- 
tenna, duplexer, transmitter, receiver, modulator, timer, and the indi- 
cator. 


A. See Fig. 8.39. 


D. A general discussion of the radar system is presented below 
for the benefit of students. 

Radar (radio direction and ranging) is a specialized application of the 
principles of radio which makes it possible to detect the presence of 
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near or distant objects regardless of visual or atmospheric conditions; 
to determine their exact direction and range (distance) and to a lim- 
ited extent to identify the nature of their character. Basically, a radar 
set consists of a transmitter and receiver located at the same point, a 
highly directional antenna system and an indicator (generally a cathode 
ray tube) to show the presence of reradiated waves and thus of objects. 
Detection of an object is accomplished by causing a narrow beam of 
r-f energy to “search” a given area. Whenever the beam strikes a con- 
ducting object, it causes waves to be reradiated in many directions from 
the object. A very small fraction of the original radiated energy is re- 
turned to the radar set where it is picked up by the same antenna that 
focused the original radiation upon the object. A receiver of great sensi- 
tivity amplifies the received signal (echo) and applies it to a cathode ray 
tube to provide a visual indication of the presence of the object. The 
direction of the object will be the same as the direction of the antenna. 
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Fig. 8.39. Block diagram of a radar system. 


The range can be determined with great accuracy based upon the fact 
that radio-frequency energy travels at the velocity of light (300,000,000 
meters per second, or about 186,000 statute miles per second). Most 
radar transmitters employ the pulse modulation method. A radio-fre- 
quency pulse of short duration (about 1 microsecond on the average) 
and high peak power is transmitted at regular intervals. Between trans- 
mitted pulses, the receiver is permitted to operate and to detect the re- 
radiated waves. The receiver output is connected to the indicator where 
the difference in time between the transmitted and received waves can 
be measured and the range determined. As an example, assume that a 
pulse is transmitted to an object 18.6 miles away. In one microsecond 
the pulse can travel .186 miles (328 yards). Therefore, it will require 
100 microseconds for the pulse to reach the object. When it strikes the 
object, it is reradiated without loss of time and returns to the radar 
set in an additional 100 microseconds, or a total elapsed time of 200 
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microseconds. Note that the wave actually has to travel twice the dis- 
tance to the object. Because the range thus provided is twice the actual 
range, an allowance must be made in the indicator to measure only 
one-half of the elapsed time, or the true range. 


The Indicator: (Discussion of the indicator is here restricted to that 
type directly applicable to marine. radar sets.) The indicator must be 
a device which can accurately measure the elapsed time between trans- 
mitted and received pulses and convert it directly into range. It must 
also be capable of discriminating against objects with different 
ranges and the same bearing, and between objects with different bear- 
ings and the same range. The P.P.I. (plan-position-indicator) 
cathode-ray tube admirably fulfills all of the above requirements 
by providing a polar chart of the immediate area surrounding 
the ship from a minimum range of about 80 yards to approxi- 
mately 40 miles. The P.P.I. scope provides a continuous plot of 
both moving and fixed objects. The sweep (time base) starts at 
the center of the tube at a time which is directly related to the 
originating time of the transmitting pulse. It travels radially out to the 
circumference (like the spoke of a wheel). This sweep line is divided 
into equal distances by means of range markers which provide indica- 
tions about a half-mile apart on low ranges, thus affording instan- 
taneous visual checks of the range of objects. Objects are indicated (as 
well as range markers) by a bright spot upon the P.P.I. tube at a dis- 
tance from the center corresponding to the range of the object. The 
radial sweep is caused to rotate (as a wheel spoke would rotate) in 
exact synchronism with the antenna, so that the object indication upon 
the P.P.I. tube will be of the same bearing as the antenna. The P.P.I. 
tube has a relatively long persistence screen, so that as the sweep rotates, 
a continuous picture of the surrounding area appears on the screen. 

The Timer: The timer unit (or synchronizer or keyer) is generally 
the most complicated part of the radar and has a number of important 
functions to perform. A detailed discussion is beyond the scope of this 
book, but a general list of its functions is as follows: 


. Determines pulse repetition rate. 

. Determines range markers. 

. Provides range markers. 

- Coordinates all operations in the system. 

. Provides sweep, with blanking and unblanking. 
hy Ppa ge | 

. Specialized functions such as “heading flash” in marine systems. 


NWS WN 


The Transmitter: The transmitter usually consists of the following 
units: 


1. A pulse shaping circuit, to determine the length of the transmitted 
pulse. 

2. A modulator, which applies the pulse (about 1 microsecond, 10,000 
to 15,000 volts) to the magnetron, and 

3. The magnetron, which is the actual r-f oscillator. (There are no 
r-f amplifiers. ) 

The antenna system: In order to obtain accurate bearings, it is quite 
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necessary that the radiation pattern of the antenna be extremely nar- 
row. Such a pattern can be most conveniently obtained by the use of 
a parabolic reflector of suitable dimensions, which at these frequen- 
cies is fed by means of waveguide radiators (Q. 8.27 and Q. 8.32). The 
parabolic reflector focuses the r-f energy into a narrow beam, just as 
a searchlight reflector provides a narrow light beam from a light 
source. For the r-f beam to be sufficiently narrow, the dimensions of 
the parabolic reflector must be in the order of many wavelengths. To 
accomplish this and yet restrict the overall dimensions of the antenna 
to a reasonably small size, it is necessary that the operating wavelength 
be short (3 centimeters; there are 2.54 centimeters per inch). A marine 
radar antenna has a radiation pattern which is extremely narrow with 
respect to azimuth (compass) directions, but is relatively broad with 
respect to vertical directions. 

The Receiver: Radar receivers are almost always of the superheter- 
odyne type. The receiver must have great sensitivity in order to receive 
and amplify the very weak reradiated r-f pulses to a value suitable for 
use by the P.P.I. scope. Since the input signal may be in the order of 
one microvolt, the i-f amplifier must have a gain in the order of one 
or two million to provide sufficient input signal to the second detector 
(1 or 2 volts). In order to pass the very steep and short-duration pulses, 
the i-f amplifier must be capable of passing a band of frequencies in the 
order of 5 to 10 megahertz. The wide band-pass reduces the gain of 
the individual stages so that the number of stages in the i-f amplifier 
is often more than six to eight. 

There are no r-f amplifiers in the receiver. The input signal is ap- 
plied directly to a crystal mixer, and the local oscillator is generally of 
the reflex klystron type. (See Q. 3.246 and Q. 8.70.) 

The intermediate frequencies are in the order of 30 megahertz. 
Automatic frequency control is often employed, to compensate for fre- 
quency drift of the magnetron or local oscillator (reflex klystron), in 
order to maintain the proper difference frequency of 30 megahertz, 
and thus provide the maximum indicated response upon the. P.P.I. 
tube at all times. 

For a discussion of a duplexer, see Q. 8.41. 


Q. 8.40. Explan briefly the principle of operation of a radar system. 


A. Very briefly, radar operates to detect an object at a distance by 
directing a narrow beam of r-f energy at the object and then detecting 
a portion of the reflected beam when it arrives back at the radar. 


D. For a more complete discussion of radar, see Q. 8.39. 


Q. 8.41. Draw a simple block diagram of a radar duplexer system, 
labeling the waveguide, the TR box, the anti-TR box, the receiver, and 
the transmitter. 


Agresee: Fig. 8.41. 
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Fig. 8.41. (a) Block diagram of duplexer; (b) simplified diagram of 
duplexer; (c) duplexer assembly. 
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D. Ship radars use a common antenna system for transmitting and 
receiving. In such a system, it is necessary to protect the receiver from 
damage due to the high-power transmitter pulse and also to prevent 
the transmitter from absorbing too much power from the reflected echo 
between transmitting pulses. It is, therefore, necessary to provide some 
form of “switch” to disconnect the receiver effectively from the wave- 
guide during the transmitter pulse and to disconnect the transmitter 
from the waveguide the rest of the time. Such a switch is often called 
a duplexer. This is not a simple switch, but is made up of certain 
measured lengths of waveguide and two special spark-gap tubes. How 
this switch operates may be seen with the aid of the simplified drawing 
shown in part (b) of the figure. 

When the transmitter pulses, both of the spark gaps are fired and 
represent practically a short circuit across the gap terminals. The anti- 
TR connects into the waveguide a quarter-wavelength from its gap 
and thus reflects an open circuit across points A and B. The trans- 
mitter sees a very high impedance at A-B and does not “pour” any 
appreciable power into the anti-TR. The TR gap also fires at this time 
producing a short across E-F. This prevents all but a small amount of 
power from entering the receiver. A high impedance appears at C-D, 
one-quarter wavelength away, and permits the transmitter power to 
proceed to the antenna almost without loss. Thus while the transmitter 
is pulsing, the receiver is protected and the full power is delivered to 
the antenna. After the transmitter pulse, both gaps become open cir- 
cuits. The shorting bar of the anti-T'R line is a half-wavelength from 
A-B and reflects a short across these points (A-B). This short is, in 
turn, reflected to points C-D, one-quarter wavelength away, as an open 
circuit and effectively blocks received signals from passing this point 
toward the transmitter. Instead, the received power is effectively all 
shunted into the receiver. In part (c) of the figure is shown a com- 
plete drawing of a typical duplexer. 


Q. 8.42. Draw a simple block diagram of a radar receiver, label- 
ing the signal crystal, the local oscillator, the AFC crystal stage, the 
i-f amplifier, and the discriminator. 


A. See Fig. 8.42. 


D. For general discussion of a radar receiver, see Question 8.39. 
A brief discussion of the AFC system follows. Two signals are fed into 
the AFC crystal detector. One is from the magnetron (greatly atten- 
uated), the other from the local oscillator (reflex klystron). The dif- 
ference frequency between these two is detected, amplified, and fed 
into the discriminator, The discriminator is resonated at 30 MHz, the 
normal i-f frequency of the signal circuits. If the magnetron and local 
oscillator are operating at their correct frequencies 30 MHz apart (to 
produce 30 MHz i.f.) there will be no output from the discriminator. 
If, however, either the magnetron or klystron (or both) should drift 
in frequency, the output of the AFC crystal will be greater or less than 
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Fig. 8.42. Simplified diagram of radar receiver. 


30 MHz. This will cause an output voltage from the discriminator 
whose sign and magnitude are proportional to the drift. This control 
voltage is amplified and fed back to the reflector plate of the klystron 
in such a way as to cause the frequency of the klystron to change to a 
value needed to produce again a 30 MHz i.f. 


Q. 8.43. Draw a simple cross-sectional diagram of a magnetron 
showing the anode, cathode, and the direction of electronic movement 
under the influence of a strong magnetic field. 


Ay) See Fig.8.43, 
D. See Q. 3.248 and Q. 8.70. 


ELECTRON 
MOVEMENT 


Fig. 8.43. Cross-section of magnetron showing electron movement. 


Q. 8.44. Explain briefly the principle of operation of the magnetron. 
Aue SeciO) 3348. 
D. See also Fig. 8.43 and Q. 8.70. 


Element VIII Suip Rapar TECHNIQUES 509 


Q. 8.45. Why is the anode in a magnetron in a radar transmitter 
normally maintained at ground potential? 


A. This is done to protect personnel from high-voltage shocks and 
to reduce the problem of insulating the magnetron from the chassis. 


D. The anode (containing the resonant cavities) comprises the 
metal shell of the magnetron. This is mechanically coupled to the wave- 
guide. If the high-voltage pulse were to be applied to the anode, it 
would be as a highly positive pulse. This would necessitate the insula- 
tion of the anode from the chassis as well as the insulaton of the wave- 
guide from the anode. This is difficult to do and expensive. In ad- 
dition, even if the insulation were present, there would be great danger 
to personnel encountering the magnetron or even the waveguide. To 
overcome this, the metal shell of the magnetron (and waveguide) is 
grounded and a negative high-voltage pulse fed into the cathode of the 
magnetron. This makes construction much simpler and also is much 
safer for handling by personnel. 


Q. 8.46. Draw a simple frequency-converter circuit (mixer) as fre- 
quently used in radar superheterodyne receivers and indicate which is 
the crystal stage. 


A. See Fig. 8.46. (See also Fig. 8.41.) 
Daoee. 015.59. 
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Fig. 8.46. Mixer circuit of radar recewer. 


Q. 8.47. What is the purpose of the klystron tube in a radar set? 


A. The klystron tube is the local oscillator of the radar receiver. 
It is coupled to the mixer crystal to produce the i.f. as shown in Ques- 


tion 8.46. 
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Q. 8.48. Explain briefly the principle of operation of the reflex kly- 


stron. 


A. A schematic of. a reflex klystron is shown in Fig. 8.48. The 
klystron is a resonant-cavity device which is energized by the action of 


“bunches” of electrons. Briefly, it operates as follows: Electrons are 
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GRID 
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Fig. 8.48. Reflex klystron. 


emitted by the cathode in a steady stream and accelerated toward the 
cavity grids by the potential on the accelerating grid. When the stream 
of electrons first enters the cavity grids, the resonant cavity is shock- 
excited into oscillation thus producing alternating voltages across the 
cavity grids. The fields produced by these alternating potentials act 
upon the electron stream to produce “bunches” of electrons separated 
by spaces in which there are very few electrons. After passing the cavity 
grids, the bunches are repelled by the negative potential of the repeller 
plate and return again to these grids. The bunches have the proper 
Spacing and timimg when returning so that oscillations are maintained 
in the resonant cavity. The volume of the cavity is varied to make 
large changes of frequency. Small changes of frequency are made by 
varying the repeller voltage over a narrow range. 


D. See Q. 3.246 and Q. 8.70. 


Q. 8.49. What care should be taken when handling silicon crystal 
rectifier cartridges for replacement in radar superheterodyne receivers? 


A. The technician should discharge any static charge in his body 
by touching a convenient ground with his hands. The crystal should 
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be handled very carefully as it may be damaged mechanically by apply- 


ing excessive pressures. 


D. The silicon crystals which are used as mixers (and AFC crystals) 
have a Jow, safe current rating. They may be damaged by static charges 
accumulated on the body of the person handling them. Such persons 
should first “discharge” themselves by touching a suitable grounding 
point. The crystals are wrapped in lead foil when stored, to protect 
them against stray charges. This foil should not be removed, until the 
crystal is placed in use. The unit into which the crystal is inserted 
should also be grounded before installation. 


Q. 8.50. What nominal intermediate frequencies are commonly 
found in radar receivers? 


A. Radar receivers commonly use i.f.’s of 30 or 60 MHz. 


D. See Q. 8.39 and Q. 8.42. 


Q. 8.51. Describe briefly the construction and operation of radar TR 
and anti-TR boxes. What is the purpose of a “keep alive” voltage? 


A. The operation of TR and anti-TR boxes is fully described in 
Question 8.41. The construction of a TR box is shown in Fig. 8.51. 
This consists of a TR tube mounted in a resonant cavity. The high Q 
of the cavity reduces the power needed to maintain the spark gap. The 
TR tube contains two metal electrodes which act as a spark gap. The 
tube itself is partially evacuated and has a small amount of water vapor 
inside to reduce the time of deionization. 
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Fig. 8.51. Cross section of TR switch. 
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A third electrode is placed inside of one of the main electrodes. This 
is known as a “keep-alive” electrode. It has a “keep-alive” voltage ap- 
plied to it. This is a constant negative potential (about 1,000 volts) 
which keeps the gas and vapor in the tube slightly ionized at all times 
and accelerates the breakdown of the main gap. A TR box is similar 
to an anti-TR box, but may not have a “keep-alive” electrode in th 


TR tube. 
D. See Question 8.41. 


Q. 8.52. What is the purpose of the discriminator stage in a radar 
superheterodyne? 


A. The discriminator is part of the AFC system. Its function is to 
8enerate a corrective voltage which is sent to the local oscillator (kly- 
stron) to maintain the correct intermediate-frequency difference output 
from the mixer. 


D. See Q. 8.42 for a discussion of the AFC system. See also Q. 
3.177(d). 


Q. 8.53. What type of detector is used frequently in radar receivers? 


A. A silicon crystal detector (mixer) is commonly used. 
D. See Questions 8.40, 8.42, 8.46, and 8.49. 


Q. 8.54. What is “sea return” on a radar Scope? 


A. “Sea return” is the reflection, or “echo,” of radar signals bounc- 
ing off the waves of the sea and returning to the radar set. 


D. Sea return response in a radar set is caused by the transmitted 
pulses striking the tops of waves at such an angle that they are re- 
flected back to the radar antenna and appear on the PPI (Plan Position 
Indicator) scope as a solid block of interference, Due to the reflection 
angles involved in sea return, such interference js usually confined to 
areas within a few miles of the radar set. 

It is, therefore, possible to discriminate to some extent against the 
reception of sea return in favor of targets within the interference area. 
This can be automatically accomplished by causing the receiver gain 
to be lower at times representing distances of a few miles from the 
radar, and automatically restoring the normal gain at times represent- 
ing greater distances where sea return is not troublesome. A reduction 
of gain at relatively close distances is effective in this case, since a 
ship target reflects a signal back to the radar which is considerably 
stronger than the signal due to sea return. Reducing the gain in sea 
return areas, reduces the intensity of the PPI display due to sea return 
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to a greater extent than it reduces the display due to target return, 
and thus the target often can be observed through sea return inter- 
ference. 

(See also Q. 8.39 for basic discussion of radar set.) 


Q. 8.55. Explain briefly the purpose of the sensitivity time control 
circuit in a radar set. 


A. The sensitivity time control automatically reduces the gain of 
the radar receiver for nearby targets, to reduce interference from such 
effects as sea return. 


D. In order to reduce sea return response in a radar set, the oper- 
ator should manually adjust the “Suppressor” control (or sensitivity time 
control, STC) until the solid pattern of sea return is thinned out and 
stronger ship targets which may be present close to the radar set are 
more easily observed. See also Q. 8.54. 


Q. 8.56. What is the distance in nautical miles to a target if it takes 


123 microseconds for a radar pulse to travel from the radar antenna 
to the target, back to the antenna and be displayed on the PPI scope? 


A. The distance to the target is 10 nautical miles. 


D. A radar pulse will go out 1 nautical mile and return in about 
12.3 microseconds. Therefore, in 123 microseconds, the distance to the 
target is, 123/12.3 = 10 nautical miles. 


Q. 8.57. What is the purpose of an “artificial transmission line” in 
a radar set? 


A. An “artificial transmission line” determines the shape and dura- 
tion of the transmitted pulse. 


D. (See also Question 8.58.) Ship radar transmitters generally have 
output r-f pulses varying in length from 'Y, to 1 microsecond. This 
output r-f pulse is obtained by triggering the magnetron with a high- 
voltage d-c pulse. The pulse must have a fixed duration and a square 
top for good magnetron frequency stability. In order to obtain a suit- 
able driving pulse, a “line-controlled” blocking oscillator is frequently 
employed. This consists of a high-voltage blocking oscillator whose 
pulse output duration is controlled by an artificial transmission line in, 
its grid circuit. Briefly, the operation is as follows: A driving pulse 
from the synchronizer is applied to the blocking oscillator (one-shot) 
and forces it into conduction, thus starting the output pulse. This pulse 
also travels down the artificial line and is reflected when it reaches its 
open end. This reflected pulse comes back to the grid of the blocking 
oscillator with negative polarity cutting it off and terminating the out- 
put pulse. By suitable selection of the constants of the line, the time of 
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travel up and back can be determined to a very close degree, thus con- 
trolling the length of the output pulse. The pulse from the blocking 
oscillator triggers a ‘modulator tube, which actually pulses the magne- 
tron at high voltage (10 to 15 kV). The construction of an artificial 
transmission line is described in Question 8.58. 


Q. 8.58. Draw a simple diagram of an artificial transmission line 
showing inductance and capacitance, source of power, the load, and the 
electronic switch. 


A. See Fig. 8.58 and also Question 8.57. 
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Fig. 8.58. Artificial transmission line and associated circuits. 


D. A convenient means of producing a very short duration rectang- 
ular pulse is to use an artificial transmission line. This is a device, 
which by lumped constants of capacitance and inductance, simulates 
an actual line with a certain characteristic impedance and wavelength. 
An actual line is not used because its physical length would be pro- 
hibitive. The required pulse duration is controlled by designing the line 
to have a certain equivalent “length.” Thus, it takes an impulse a defi- 
nite time to travel to the end of the line (open) and be reflected back 
to the load, in this case, the grid circuit of a blocking oscillator. The 
operation of this circuit is described in Question 8.57. See also Ques- 
tion 8.61. 


Q. 8.59. What component in a radar set determines the pulse repeti- 
tion rate? 


A. The pulse repetition rate is determined by the timer (or syn- 
chronizer) unit. 
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D. See Q. 8.39 and Q. 8.40. Typical repetition rates (depending 
upon transmitted pulse width) are 100, 200, 500, 750, 1000, 2000, and 
3000 Hz. The higher the repetition rate, the narrower the transmitted 
pulse width must be in order not to overload the magnetron and mod- 
ulator. The duty cycle (see Q. 8.62) remains fairly constant over the 
range of repetition rates. 


Q. 8.60. What circuit element determines the operating frequency 
of the self-blocking oscillator? 


A. (See Fig. 8.60(a) for a tube-type, free-running, blocking oscil- 
lator and Fig. 8.60(b) for a transistor type.) 


(e ouTPuT 


Fig. 8.60(a). Circuit of synchronized blocking oscillator ( tube-type). 
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Fig. 8.60(b). Circuit diagram of synchronized blocking oscillator 
(transistor type). 


D. The question is a little indefinite since there is no single circuit 
element which determines the repetition frequency. All of the circuit 
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elements, including the tube and transformer as well as the operating 
potentials, affect the frequency. However, it is true that R, and C, 
have the greatest effect on frequency. 


Note in the transistor version that R1 is returned to +Vgg, rather than 
to ground. This is essential for the oscillator to be self-starting, as a 
transistor with zero bias is biased at class C operation. Connecting R1 
to +Voo provides the required forward bias to cause the transistor 
to be conducting before the start of oscillations. 


In marine radar sets, a synchronized blocking oscillator is used to 
produce the trigger pulse for the transmitter. This will oscillate for 
only one cycle for each synchronizing pulse applied to the grid. In this 
case, the repetition frequency is determined solely by the synchronizing 
pulses. This would require a “one-shot” blocking oscillator, which 
simply means that the oscillator is biased off, in the absence of a 
synchronizing pulse. 


Q. 8.61. What is the purpose of the rotary spark gap used in some 
radar sets? 


A. The rotary spark gap is a mechanical system for modulating a 
magnetron directly at high level. 


D. When an electronic modulator tube is used, it is frequently con- 
nected in a manner shown in the simplified drawing which is part (a) of 
Fig. 8.61. This operates briefly as follows: 

Between triggering pulses, the modulator tube V, is held below cut- 
off by a fixed bias. During this interval, the high-voltage capacitor, Cj, 
charges through the charging diode, Vo, as shown by the dotted arrows, 
to about 12,000 volts (for example). When the triggering pulse appears, 
it overcomes the modulator bias, the modulator tube conducts heavily, 
and the high voltage of C, is applied to the magnetron with negative 
polarity. This is shown by the solid arrows. C, only discharges a rela- 
tively small amount, thus maintaining almost a constant voltage. 

Some radar units use a spark gap and pulse-forming line instead of 
the blocking-oscillator modulator system. This has the advantage of 
generating the magnetron high-voltage d-c pulse directly at high level 
instead of having to amplify it in several tubes. No modulator tubes 
are required and the efficiency is very high (80 to 90 per cent). It has, 
however, the disadvantages of being a mechanical rather than an elec- 
tronic device, of generating radio-frequency interference which must be 
filtered, and offering no opportunities for accurate pulse shaping. A 
simplified drawing of such a system is shown in part (b) of the figure. 
The true operation of this circuit is quite complicated, but a simpli- 
fied explanation follows. The rotary gap makes contacts at a very high 
rate, commonly at 400, 800, or 1,600 times per second. When the gap 
is open, the pulse-forming line charges through V;, L; and Vo». This 
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Fig. 8.61. (a) Electronic modulator for magnetron; (b) rotary 
spark-gap modulator. 


produces shock excitation of a resonant circuit consisting of L; and the 
capacitance of the pulse-forming line. Because of the diodes, the oscil- 
lation causes the line to charge to a voltage about 1.8 times the applied 
voltage and remain at the value. When the gap fires, the voltage at 
point A becomes zero and the now negative pulse-forming line voltage 
is applied to the magnetron for the duration of the arc. The cycle then 


repeats. 


Q. 8.62. What is the peak power of a radar pulse if the pulse width 
is 1.0 microsecond, pulse repetition rate is 900 and the average power 


is 18 watts? What is the duty cycle? 


A. The peak power is 20,000 watts. The duty cycle is 0.0009. 


D. Step 1: The duty cycle must first be found. 
Pulse width 


Duty cycles eee ak ee 
Acs Pulse repetition time 
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Pul Aa terra cr taint nn 
ulse repetition time = —-= oo 
0.000001 
Duty cycle = Tt S0ns: 0.0009. 
Step 2: Find the peak power. 
Average power _— 18 


= 20,000 watts. 


Peak power = 


Duty cycle —— 0.0009 


Q. 8.63. What is meant by “bearing resolution” of a radar set? 


A. Bearing resolution may be defined as the ability of a radar set 
to distinguish between targets at the same range but different azimuth 
directions. 


D. Bearing resolution is mainly determined by the width of the 
sadar beam. A narrow beam is better able to separate targets at the 
same radial distance than a wide beam. The resolution is also influ- 
enced by the receiving circuits and the PPI scope. 


Q. 8.64. Explain how heading flash and range-marker circles are 
produced on a radar PPI scope. 


A. (a) Heading flash is produced whenever the radar beam points 
dead ahead. This is accomplished by closing a switch in the antenna 
which causes an intensifier pulse of short duration to intensify a radial 
line of the PPI scope representing the heading. 

(b) Range-marker circles are produced on a radar PPI scope as fol- 
lows: A range-marker oscillator, in conjunction with suitable squaring 
and peaking circuits, produces “pips” (or short positive pulses). There 
is a definite spacing between these pips, corresponding to range in miles 
(or yards), which is a function of the range-marker oscillator frequen- 
cy. These pips are produced in synchronism with sweep and are 
applied at intensified pulses to the grid of the PPI. Each time the sweep 
causes the beam to go out from the center to the edge, a series of ac- 
curately spaced intensified pips appears. Since the sweep rotates, these 
pips then form range-marker circles. (See Fig. 8.67.) 


D. (a) The radar operator must know exactly when the radar 
beam is dead ahead so that he can accurately indicate the relative 
bearing of all targets. The PPI sweep line is normally blanked out as 
it rotates with only the targets intensifying the screen. To provide head- 
ing flash (or dead-ahead indication), it is necessary to intensify the 
sweep line momentarily each time the antenna points dead ahead. 
Briefly, this is accomplished by the momentary closing of a cam-ac- 
tuated microswitch located in the antenna assembly. This microswitch 
is closed only when the antenna points dead ahead. When the switch 
is closed, it actuates a circuit that produces an intensifier pulse of the 


desired duration. This pulse (positive) is fed to the grid of the PPI 
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scope where it causes a bright sweep line to appear on the PPI in an 
azimuth indication corresponding to the dead-ahead position of the an- 
tenna. 

(b) A block diagram of a range-marker generating system from a 
typical marine radar? is shown in Fig. 8.64. This operates as follows: 


1. The negative input pulse to V; shock excites an L-C tank cir- 
cuit in the cathode into sine-wave oscillation. The frequency depends 
on the range in use and the number of range rings desired on that 
particular range. On the 1/4 mile range, three rings will be seen on 
one model. 


2. The sine waves from the L-C tank are then shaped by the three 
following stages to form square pulses with extremely sharp leading 
edges. 

3. The positive output of these amplifiers is used to trigger a “one- 
shot” (or single-swing) blocking oscillator which generates a short 
duration (14 microsecond) pulse in synchronization with the leading 
edge of each squared-up pulse. These are the range-marker pulses. 


4, The range-marker pulses are then fed through a cathode fol- 
lower and limiter into a two-stage video amplifier. The output of the 
video amplifier then feeds directly into the grid of the PPI where each 
pip produces an intensification of the sweep. 
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Fig. 8.64. Block diagram of a range-marker system. 


2 Radiomarine Corp. of America. 
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Q. 8.65. Draw a diagram of a cathode-ray tube as used in radar 
showing the principal electrodes in the tube and the path of the elec- 
tron beam. 


A. See Fig. 8.65. 
D. See Questions 8.66, 8.67, and 8.68. 
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Fig. 8.65. Cross section of a cathode-ray tube. 


Q. 8.66. What is the purpose of aquadag coatings on radar cathode- 
ray tubes? 


A. (See Fig. 8.65.) The purpose of the aquadag coating is to act 
as an anode for the cathode-ray tube. 


D. Aquadag is a graphite solution in water which is applied as a 
coating to the inside of cathode-ray tubes (as in Fig. 8.65). It is a 
good conductor and is employed in radar cathode-ray tubes as a second 
anode. It also acts as an electrostatic shield to protect the electron beam 
from stray electric fields. 


Q. 8.67. Explain the principle of operation of the cathode-ray PPI 
tube and explain the function of each electrode. 


A. 1. Principle oF Operation. A PPI tube is one on which a 
“map” of the area being scanned is presented insofar as targets and 
fixed land echoes are concerned. (See Fig. 8.67.) The center of the 
PPI screen represents the position of the radar antenna. The electron 
beam moves out radially from the center to the outer edge and is 
rotated in synchronism with the radar antenna. In practice, the scan- 
ning beam proper is blanked out and only the target indications and 
range rings are zmtenstfied on the screen. The distance from the center 
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Fig. 8.67. A PPI presentation, (Courtesy FAA) 


of the screen to the target is a measure of the range, while the radial 
direction indicates the target’s azimuth bearing (relative). 

2. Function or Exectroves. (See Fig. 8.65.) The PPI tube has 
a filament similar to that used in receiving tubes. This filament heats 
up and, in turn, heats a coated cathode, causing electrons to be emitted 
from the cathode. These electrons first encounter a grid which func- 
tions in a manner similar to the grid in a conventional triode. That is, 
it controls the amount of electrons passing it and, thus, the intensity of 
the spot produced on the PPI screen. After passing the grid, the elec- 
trons (now restricted to a fairly narrow stream) are acted upon by the 
first anode, which produces some acceleration of the electron stream 
toward the screen. Further and final acceleration is provided by the 
second anode (aquadag coating). 


D. PPI tubes frequently employ magnetic focusing accomplished 
by a focus coil, which is located as indicated in Fig. 8.65. Deflection 
is usually accomplished by a magnetic deflection coil which moves the 
beam radially out from the center to the outer edge of the screen. The 
rotating effect of the sweep may be accomplished by rotating the de- 
flection coil mechanically in synchronism with the antenna. (See Ques- 
tion 8.69.) 

Another method of rotating the sweep, employs fixed deflection coils. 
This system employs a rotating magnetic field, which is synchronized 
with the movement of the radar antenna. 


Q. 8.68. What precautions should the service and maintenance oper- 
ator observe when replacing the cathode-ray tube in a radar set? 
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A. The radar power-supply system should be turned off and all 
high-voltage capacitors completely discharged by a well-insulated screw- 
driver or other device. Care must be taken to avoid breakage of a 
cathode-ray tube which may result in serious injury to the serviceman. 


D. It has been demonstrated recently that cuts resulting from 
broken cathode-ray tubes (or other fluorescent devices) may result in 
serious poisoning of the bloodstream. This is due to the action of the 
fluorescent material. Therefore, be especially careful in disposing of 
such broken devices to avoid cutting the hands, arms, or face. The use 
of gloves is to be recommended in such cases. 


Q. 8.69. Draw a simple diagram showing how a synchro generator 
located in the radar antenna assembly is connected to a synchro motor 
located in the indicator to drive the deflection coils. Show proper desig- 
nation of all leads, designating where a-c voltages (if needed) are 
applied. 


A. See Fig. 8.69. 


D. Ship radars employ one or more PPI indicators (see Q. 8.39 and 
Q. 8.65). In this type of indicator, it is necessary to synchronize the rota- 
tion of the sweep line on the PPI tube with the rotation of the radar 
antenna. This is usually accomplished by a servo system, as illustrated 
in’ Fig. 8.69. 

A synchro-control transformer has its rotor geared to the rotation of 
the antenna. The rotor (Ri, Re) of this synchro is supplied with 115 
volt, 400-Hz excitation. As the rotor turns, varying voltages are induced 
in the three-winding stator (S,, S,, Ss). These varying voltages are fed 
directly to the stator of the indicator synchro-control transformer. (Note 
that the rotor of the indicator synchro is mechanically coupled to the de- 
flection coil and to the indicator-servo motor.) As a result, an “error” 
voltage is induced in the indicator-synchro rotor. This “error” voltage 
is fed to the grid of the first stage of the servo amplifier. The output of 
the servo amplifier is a push-pull amplifier that feeds one winding of 
a two-phase servo motor. The second phase (displaced by 90 degrees) 
is excited directly from the 115-volt, 400-Hz line. As a result of the 
servo-amplifier output, the servo motor is caused to rotate. 

The phase of the “error” voltage is such that the servo motor rotates to 
drive the deflection coil in the same direction as the antenna. Further, 
the amplitude of the “error” voltage is high when the antenna and de- 
flection coil are greatly out of synchronization (in azimuth) and decreases 
to a very low amplitude when the two are in synchronization. In order 
to continuously drive the deflection coil, a small “error” voltage must 
always be present. This means that a very small Jag angle always exists 
between the antenna and deflection coil. 
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Fig. 8.69. Simplified diagram of radar servo system driving rotating 
indicator-deflection coil. 


Since the indicator synchro is directly geared to the deflection coil, it 
“senses” when the deflection coil and antenna are approaching synchroni- 
zation and automatically reduces its error voltage (to the servo amplifier ) 
to the value just necessary to achieve and maintain synchronization. 


Q. 8.70. In what range of frequencies do magnetron and klystron 
oscillators find application? 


A. Magnetron oscillators are most generally used in the frequency 
range between 600 and 30,000 megahertz. Klystron oscillators are most 
generally used in the frequency range between 3000 and 30,000 mega- 
hertz. 


D. A magnetron oscillator derives its name by virtue of a magnetic 
field which is set up perpendicular to the electric field existing between 
cathode and plate (or plates). In a multi-anode type of magnetron, the 
plate segments are made up of cavity resonators. These cavity resona- 
tors receive their operating energy from the circular movement of 
electrons just outside of the opening to each cavity. If an electron is 
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accelerated by the cavity fields, energy is taken from the cavity, but 
if an electron is slowed down by the cavity fields then energy is given 
up to the cavity and oscillations are thereby maintained. Magnetron 
oscillators are widely used in radar sets as pulsed power oscillators of 
high peak power. A klystron oscillator is a “velocity modulated” type 
of high frequency oscillator, that is, the relative velocities of the elec- 
tron beam are made to vary in such a way that “bunches” of electrons 
are formed. These “bunches” pass through cavity resonator grids in 
the proper phase relationship to maintain oscillation in the cavity res- 
onator. Klystrons are used for local oscillators and low power trans- 
mitters. Klystron tubes are also available in the form of amplifiers. 
The “reflex” klystron is most widely used as a receiver local oscillator, 
and is also used in one type of video sweep generator. (See also Q. 3.246 


and Q. 3.248.) 


FCC-TYPE SAMPLE TEST FOR ELEMENT VIII 


VIII-1. One of the frequency bands on which ship radars operate is: 
(Q. 8.07) 

(a) 5000 to 5200 MHz. 

(b) 5460 to 5650 MHz. 

(c) 9000 to 9250 MHz. 

(d) 3200 to 3450 MHz. 

(e) 4460 to 4650 MHz. 
VIII-2. Radar interference heard on a receiver frequently appears as: 
(Q. 8.10) 

(a) Intermittent pulses. 

(b) Constantly varying tone frequencies. 

(c) A steady tone, always at 400 Hz. 

(d) A hissing noise. 

(e) A steady tone at the radar repetition rate. 

VIII-3. Radar interference to communications receivers occurs: (Q. 
8.12) 

(a) Only at the radar transmitting R-F frequency. 

(b) Only at the basic radar repetition rate. 

(c) On practically any communication frequency. 

(d) Only below 10 MHz. 

(e) Only above 300 MHz. 

VIII-4. To be responsible for the installation, maintenance, and 
servicing of ship radar equipment, an operator must have: (Q. 8.01) 

(a) A first- or second-class radiotelephone or radiotelegraph license, 

plus a ship-radar endorsement. 

(b) A third-class operator’s license, plus a ship radar endorsement. 

(c) A first- or second-class radiotelephone or radiotelegraph license. 
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(d) A third-class operator's license, plus a marine endorsement. 
(e) A first-class radiotelegraph license, plus a receiver endorsement. 
VIII-5. Persons who are permitted to operate a ship’s radar are: 
(Q. 8.02) 
(a) Only properly licensed individuals. 
(b) Any person holding an engineer's license. 
(c) Any person designated by any officer on the ship. 
(d) The Master, or any person designated by him. 
(e) The First Mate, or any person designated by him. 
VIII-6. In joining sections of waveguide together, choke joints are 
often used: (Q. 8.34) 
(a) To prevent moisture from entering the waveguide. 
(b) To maintain the pressure of inert gas. 
(c) To reduce losses caused by misalignment of waveguide sections. 
(d) To permit the escape of entrapped moisture without causing 
excessive losses. 
(e) To maintain the correct bandwidth of the waveguide. 
VIII-7. When used in conjunction with a radar set, the purpose of an 
echo box is to: (Q. 8.38) 
(a) Listen to the tone of the pulse repetition rate. 
(b) Tune the magnetron to the correct frequency. 
(c) Provide a second or echo pulse, which is transmitted from the 
radar antenna, to increase the range. 
(d) Provide an artificial target, which may be used to tune the radar 
receiver. 
(e) Provide an artificial target, which may be used to tune the 
radar synchronizer. 
VIlI-8. A radar pulse is transmitted to an object 37.2 miles away. 
The time required for the pulse to be returned to the radar receiver is: 
(Q. 8.39) 
(a) 400 microseconds. 
(b) 200 microseconds. 
(c) 800 microseconds. 
(d) 600 microseconds. 
(e) 1000 microseconds. 
VIII-9. A PPI cathode-ray tube as used on a radar set: (Q. 8.39) 
(a) Is used to check the percentage of modulation. 
(b) Indicates only the range of a target. 
(c) Indicates both the range and azimuth of a target. 
(d) Indicates the range, azimuth, and altitude of a target. 
(e) Is used for receiver alignment. 
VIII-10. Oscillations of a klystron tube are maintained: (Q. 8.48) 
(a) By plate-to-cathode feedback. 
(b) By bunches of electrons passing the cavity grids. 
(c) By feedback between the accelerating grid and the repeller plate. 
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(d) By circulating bunches of electrons within the cavities. 

(e) By variations in the repeller-plate potential. 
VIII-11. A radar set has a pulse width of 0.05 microsecond, a pulse 
repetition rate of 2000 hertz, and a peak power of 100 kW. The duty 
cycle is: (Q. 8.62) 

(a) 0.0001 

(b) 0.0009 

(c) 0.005 

(d) 0.00005 

(e) 0.009 
VIII-12. Klystron oscillators are most often used in the frequency 
range of: (Q. 8.70) 

(a) 300 to 3000 MHz. 

(b) 30 to 30,000 MHz. 

(c) 100 to 10,000 MHz. 

(d) 3000 to 30,000 MHz, 

(e) 3000 to 300,000 MHz. 
VIII-13. The oscillations of a magnetron oscillator are maintained 
if: (Q. 8.70) 

(a) Electrons are slowed down by the cavity fields. 

(b) The magnet has sufficient strength. 

(c) The electrostatic field matches the electromagnetic field in 

strength. 

(d) Electrons are speeded up by the cavity fields. 

(e) Electrons are formed into bunches having the proper timing. 
VIII-14. A synchro generator in a radar set is used to: (Q. 8.69) 

(a) Generate the synchronizing pulses. 

(b) Synchronize the sweep starting time of the PPI with the 

synchronizer. 

(c) Supply position information of an antenna, to a servo system. 

(d) Supply range information to the PPI. 

(e) Generate range markers for the PPI. 
VIII-15. The heading flash on a radar PPI is produced: (Q. 8.64) 

(a) By an oscillator in the radar synchronizer. 

(b) By a flash circuit in the PPI scope. 

(c) By a time-delay circuit triggered by the magnetron. 

(d) By a cam-operated switch in the antenna. 

(e) By a cam-operated switch in the PPI scope. 
VIII-16. The function of an artificial transmission line in a radar 
set is to: (Q. 8.58) 

(a) Conduct the R-F to the radar antenna. 

(b) Determine the shape and duration of the radar pulse. 

(c) Determine the pulse repetition rate of the radar pulse. 

(d) Connect the magnetron to the waveguide. 

(e) Measure the power output of the magnetron. 
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VIII-17. The pulse repetition rate of a radar set is determined by: 
(Q. 8.59) 

(a) A self-pulsing magnetron. 

(b) The modulator, which triggers the magnetron. 

(c) The synchronizer, or timer unit. 

(d) The servo unit. 

(e) The range-mark generator oscillator. 
VIII-18. The radar set, sensitivity-time control circuit: (Q. 8.55) 

(a) Can reduce sea-return response. 

(b) Make it possible to discriminate between targets that are very 

close together. 

(c) Controls the width of the magnetron pulse. 

(d) Is used to increase sea return. 

(e) Is a circuit in the synchronizer that permits fine control of the 

radar-repetition rate. 

VIII-19. Radar receivers commonly use intermediate frequencies of: 
(Q. 8.50) 

(a) 455 kHz. 

(b) 10.7 MHz. 

(c) 43.0 MHz. 

(d) 30 or 60 MHz. 

(e) 4.5 MHz. 
VIII-20. The function of the TR box in a radar system is to: (Q. 8.41) 

(a) Protect the magnetron from overload. 

(b) Protect the waveguide against arcing due to moisture. 

(c) Protect the receiver while the magnetron is firing. 

(d) Protect the antenna while the magnetron is firing. 

(e) Increase the sensitivity of the receiver. 
VIII-21. If the duration of the radar transmitted pulse, on a particular 
range of operation, is increased, the required bandwidth of the re- 
ceiver’s I-F amplifiers: (Q. 8.39) 

(a) May be decreased. 

(b) Must remain as before. 

(c) Must be increased. 

(d) Must be doubled. 

(e) None of the above. 
VIII-22. Ina radar set, the local oscillator klystron tube is constantly 
kept on the correct frequency by: (Q. 8.48) 

(a) A spectrum analyzer. 

(b) Frequent manual adjustments. 

(c) Reference to the PPI tube. 

(d) An AFC system. 

(e) Feedback from the range-marker oscillator. 
VIII-23. In the usual radar set, the receiver R-F amplifier: (Q. 8.42) 

(a) Must be solid-state. 
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(b) Does not exist. 

(c) Has a high signal-to-noise ratio. 

(d) Has a low signal-to-noise ratio. 

(e) Is located at the antenna, to reduce losses. 
VIII-24. The maximum usable range of the usual radar set (on any 
particular range setting) is determined by: (Q. 8.39) 

(a) The interval between transmitted pulses. 

(b) The width of the transmitted pulses. 

(c) The bandwidth of the receiver I-F stages. 

(d) The duty cycle. 

(e) The horizontal resolution on the PPI tube. 
VIII-25. A thin layer of dirt and grime covers the reflecting surface 
of the parabolic dish of a radar set. The practical effect on the per- 
formance of the radar will be: (Q. 8.37) 

(a) A decrease in range. 

(b) A reduction in horizontal resolution. 

(c) No noticeable effect. 

(d) A slightly smeary picture on the PPI. 

(e) None of the above. 
VIII-26. The purpose of using waveguide-choke joints is to: (Q. 
8.34, 8.35) 

(a) Lengthen the waveguide run. 

(b) Eliminate moisture from the waveguide. 

(c) Present a correct terminating impedance for the waveguide. 

(d) Join two sections of waveguide with minimum losses. 

(e) Pressurize the waveguide. 
VIII-27. A typical value for the receiver I-F of a radar set is: (Q. 
8.39) 

(a) 30 MHz. 

(b) 130 MHz. 

(c) 10.7 MHz. 

(d) 455 kHz. 

(e) 90 MHz. 
VIII-28. Ina radar set, the function of the magnetron is to: (Q. 8.43) 

(a) Act as the receiver local oscillator. 

(b) Produce the transmitted R-F power. 

(c) Modulate the transmitter. 

(d) Determine the transmitted pulse width. 

(¢) Help determine the antenna beam shape. 
VIII-29. Some waveguides are pressurized with dry air. This is done 
in order to: (Q. 8.28) 

(a) Increase the velocity of propagation. 

(b) Maintain the correct mode of operation. 

(c) Keep the thin walls from bending inward. 
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(d) Reduce the possibility of internal arcing. 
(e) Maintain pressure in the choke joints and thus ensure a better 
match to the magnetron. 
VIII-30. When operating a magnetron in a radar set, the following 
precaution should be taken: (Q. 8.23, 8.24) 
(a) Allow a 15-minute warm-up before applying the high voltage. 
(b) Check all pulse widths before operating each time. 
(c) Make certain there are no magnetic materials in the vicinity of 
the magnet. 
(d) Bring the high voltage up very slowly to maximum. 
(e) Realign the magnet each day to ensure correct operation. 
VIII-31. Fuses and receiving-type tubes may be replaced: (Q. 8.08) 
(a) Only by a person holding a first-class operator’s license. 
) Only by an operator who has previously obtained the permis- 
sion of the master of the ship. 
(c) Only by the Radio Officer in charge. 
(d) Only by a person holding a ship radar endorsement. 
(e) By an unlicensed person under the supervision of the licensed 
operator in charge of maintenance. 
VIII-32. In a radar set receiver, an AFC system may be used to: 
(Q. 8.42) 
(a) Automatically maintain the correct magnetron frequency. 
(b) Maintain the desired klystron frequency. 
(c) Keep the I-F stages on frequency. 
(d) Provide automatic control of receiver gain. 
(e) Detect the radar pulse after it returns from the target. 
VIII-33. In the usual PPI tube, a ‘map’ of the scanned area is seen 
by virtue of: (Q. 8.67) 
(a) The short persistence of the tube’s phosphor. 
(b) Applying the “heading flash’ to the cathode. 
(c) The long persistence characteristic of the phosphor of the tube. 
(d) The signal applied to the second anode. 
(e) None of the above. 
VIII-34. The PPI tubes have an aquadag coating on the inside of 
the tube. The purpose of this coating is: (Q. 8.66) 
(a) To prevent the escape of light. 
(b) To act as the second anode. 
(c) To shield the tube magnetically. 
(d) To decelerate the electron beam. 
(e) To deflect the electron beam. 
VIII-35. A radar set has a pulse repetition rate of 2000 hertz per 
second. The pulse repetition time is: (Q. 8.62) 
(a) 500 ps. 
(b) 5000 ps. 
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(c) 2000 ps. 

(d) 200 pS. 

(e) 1000 ps. 
VIUI-36. The transmitted pulse length of a radar set is 0.5 micro- 
second. For good PPI reproduction of the received pulse, the receiver 
and video amplifier bandwidth should be approximately: (Q. 8.39) 

(a) 10 MHz. 

(b) 4 MHz. 

(c) 0.5 MHz. 

(d) 1.0 MHz. 

(e) 455 kHz. | 

Hint: To reproduce sufficient harmonics so as not to distort the pulse 
shape, use the equation: F = 2/T 
VIN-37. A certain radar set has a transmitted pulse width of 1.0 
microsecond, a pulse repetition rate of 1000 hertz per second and a 
peak power output of 100 kW. The average power output is: (Q. 8.62) 

(a) 100 W. 

(b) 1 kW. 

(c) 100 kW. 

(d) 10 W. 

(e) None of the above. 
VIII-38. A radar set uses no R-F amplifier and a crystal detector as 
the first stage of the receiver because: (Q. 8.39) 

(a) An R-F amplifier would produce a better signal-to-noise ratio. 

(b) There are no suitable tubes or transistors available at the 

microwave frequencies involved. 

(c) An R-F amplifier would distort the incoming pulse shape. 

(d) An R-F amplifier would decrease the maximum range. 

(e) An R-F amplifier could not be matched to the waveguide out- 

put impedance. 

VIII-39. In a radar system, the reciprocal of the pulse repetition 
time interval is the: (Q. 8.62) 

(a) Pulse width. 

(b) Duty cycle. 

(c) Reciprocal of the duty cycle. 

(d) Radar maximum range. 

(e) Pulse repetition frequency. 
VIII-40. The coarse frequency adjustment of a reflex klystron is 
accomplished by: (Q. 8.48) 

(a) The AFC system. 

(b) An adjustment in the synchronizer. _ 

(c) Adjusting the flexible wall of the resonant cavity. 

(d) Varying the repeller voltage. 

(e) Varying the accelerator voltage. 
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VIII-41. In a radar AFC system, designed to keep the local oscilla- 
tor frequency correct, the AFC discriminator compares the frequencies 
of the: (Q. 8.42) 

(a) Klystron and repetition-rate generator. 

(b) Klystron and magnetron. 

(c) Magnetron and repetition-rate generator. 

(d) Range-mark generator and the magnetron. 

(e) None of the above. 

VIII-42. A radar set has several switchable ranges. The following is 
true at the lowest switchable range: (Q. 8.39) 

(a) The repetition rate is lowest and the pulse width is highest. 

(b) The repetition rate is highest and the pulse width is lowest. 

(c) Short-range targets cannot be resolved. 

(d) Long-range targets will be seen most clearly. 

(e) The repetition rate is highest and the pulse width is highest. 
VIII-43. On the PPI scope of a marine radar set, it is possible to 
determine: (Q. 8.67) 

(a) Altitude and range of the target. 

(b) The instantaneous speed of the target. 

(c) True North. 

(d) The range and bearing of a target. 

(e) The location of navigational beacons. 

VIII-44. A radar PPI scope displays bright, flashing pie sections. This 
may be caused by: (Q. 8.20) } 

(a) A defect in the AFC system. 

(b) Excessive gain of the receiver. 

(c) Insufficient gain of the receiver. 

(d) Normal rotation of the radar antenna. 

(e) Interference from a Loran receiver. 

VIII-45. The display on the PPI scope of a radar set will have 
greater intensity under the following conditions: (Q. 8.39) 

(a) Higher antenna rotation speeds. 

(b) Lower antenna rotation speeds. 

(c) Lower pulse repetition rate. 

(d) Higher pulse repetition rates. 

(e) Both (b) and (d) are true. 

VIII-46. The repetition rate of a pulsed-radar set refers to the: (Q. 
8.62) 

(a) Receiver AFC sweeping rate. 

(b) Antenna rotation speed. 

(c) Reciprocal of the duty cycle. 

(d) Magnetron pulse rate. 

(e) Klystron pulse rate. 

VIII-47. Ina radar-set receiver, the usual mixer stage is: (Q. 8.39) 
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(a) An FET. 

(b) A tunnel diode. 

(c) A silicon crystal. 

(d) A Rochelle salts crystal. 

(e) A multi-grid vacuum tube designed for microwave frequencies. 
VIII-48. In order to match the output impedance of the radar re- 
ceiver to the input impedance of a coaxial line, the circuit generally 
used is: (Q. 8.39) 

(a) A step-down, video transformer. 

(b) A cathode (or emitter) follower. 

(c) A quarter-wave transmission line section. 

(d) A common-emitter stage. 

(e) A grounded grid stage. 

VIII-49. When it is desired that short-range targets be clearly seen 
on a pulsed-radar set, it is important that the receiver and display 
system have: (Q. 8.39) 

(a) The shortest possible recovery time. 

(b) A long time constant. 

(c) A restricted high-frequency response. 

(d) Low-pass filters. 

(e) Both (b) and (d) are correct. 

VIII-50. To achieve good bearing resolution when using a pulsed- 
radar set, an important requirement is: (Q. 8.63) 

(a) A narrow, antenna-beam width in the horizontal plane. 

(b) A narrow, antenna-beam width in the vertical plane. 

(c) A very narrow transmitted pulse. 

(d) A low repetition rate. 

(e) A high duty cycle. 
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EXTRACTS FROM THE RULES AND REGULATIONS 
OF THE FEDERAL COMMUNICATIONS 
COMMISSION 


PART 1: PRACTICE AND PROCEDURE 


R & R1.85 Suspension of Operator Licenses.... Upon receipt by the 
Commission of such application for hearing, said order of suspension 
shall be designated for hearing by the Chief, Safety and Special Radio 
Services Bureau or the Chief, Field Engineering Bureau, as the case may 
be, and said order of suspension shall be held in abeyance until the con- 
clusion of the hearing. Upon the conclusion of said hearing, the Com- 
mission may affirm, modify, or revoke said order of suspension. If the 
license is ordered suspended, the operator shall send his operator license 
to the office of the Commission in Washington, D.C., on or before the 
effective date of the order, or, if the effective date has passed at the time 
notice is received, the license shall be sent to the Commission forthwith. 


PART 2: FREQUENCY ALLOCATIONS AND TREATY 
MATTERS: GENERAL RULES AND REGULATIONS 


R & R2.1 Definitions. The following definitions are issued*: 


Domestic fixed public service. A fixed service, the stations of which are 
open to public correspondence, for radiocommunications originating and 
terminating solely at points within: (a) the State of Alaska, or (b) the 


* Only selected definitions are given here. 
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State of Hawaii, or (c) the contiguous 48 states and the District of Co- 
lumbia, or (d) a single possession of the United States. Generally, in 
cases where service is afforded on frequencies above 72 MHz, radio- 
communications between the contiguous 48 States (including the Dis- 
trict of Columbia) and Canada or Mexico, or radiocommunications be- 
tween the State of Alaska and Canada, are deemed to be in the domestic 
fixed public service. 


Experimental station. A non-amateur station utilizing radio waves 
in experiments with a view to the development of science or technique. 


Facsimile. A system of telecommunication for the transmission of fixed 
images, with or without half-tones, with a view to their reproduction in 
a permanent form. 


Industrial radio services. Any service of radiocommunication essential 
to, operated by, and for the sole use of, those enterprises which for pur- 
poses of safety or other necessity require radiocommunication in order to 
function efficiently. The radio transmitting facilities of the industrial 
radio services are defined as fixed, land, mobile, or radiolocation stations. 


Industrial, scientific and medical equipment (ISM equipment). De- 
vices which use radio waves for industrial, scientific, medical, or any 
other purposes including the transfer of energy by radio and which 
are neither used nor intended to be used for radiocommunication. 


Land transportation radio service. Any private service of radiocommu- 
nication essential to the conduct of certain land transportation activities 
and operated for the use of persons engaged in those activities, the trans- 
mitting facilities of which are defined as fixed, land, mobile or radioloca- 
tion stations. 


Marker beacon. A transmitter in the aeronautical radionavigation ser- 
vice that radiates vertically a distinctive pattern for providing position 
information to aircraft. 


Mobile station. A station in the mobile service intended to be used 
while in motion or during halts at unspecified points. 


Operational fixed station. A fixed station, not open to public corre- 
spondence, operated by and for the sole use of those agencies operating 
their own radiocommunication facilities in the public safety, industrial, 
land transportation, marine, or aviation service. 


Personal radio services. A radiocommunication service of fixed, land, 
and mobile stations intended for personal or business radiocommunica- 
tions, radio signaling, control of remote objects or devices by means of 
radio, and other purposes not specifically prohibited. 
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Private aircraft station. An aircraft station on board an aircraft not 
operated as an air carrier. 


Public correspondence. Any telecommunication which the offices and 
stations must, by reason of their being at the disposal of the public, accept 
for transmission. 


Public safety radio service. Any service of radiocommunication essential 
either to the discharge of’ non-Federal governmental functions or the alle- 
viation of an emergency endangering life or property, the radio transmit- 
ting facilities of which are defined as fixed, land, mobile, or radiolocation 
stations. 


Radio direction finding station. A radiodetermination station using 
radio direction finding. 


Radio range station. A radionavigation land station in the aeronautical 
radionavigation service providing radial equisignal zones. 


Radiobeacon station. A station in the radionavigation service the emis- 
sions of which are intended to enable a mobile station to determine its 
bearing or direction in relation to the radiobeacon station. 


R & R2.101 Nomenclature of Frequencies. 


eee eee oe 


Band No. Frequency subdivision Frequency range 

4 VLF (very low frequency ) Below 30 kHz. 
5 LF (low frequency) 30 to 300 kHz. 
6 MF (medium frequency) 300 to 3000 kHz. 
7 HF (high frequency ) 3 to 30 MHz. 
8 VHF (very high frequency) 30 to 300 MHz. 
9 UHF (ultra high frequency ) 300 to 3000 MHz. 

10 SHF (super high frequency) 3 to 30 GHz. 

11 EHF (extremely high frequency) 30 to 300 GHz. 

phase ast SN a aN OC 
* * * * % x 


R & R 2.201 Emission, Modulation, and Transmission Characteristics. 
The following system of designating emission, modulation, and transmis- 
sion shall be employed. 

(a) Emissions are designated according to their classification and their 
necessary bandwidth. 

(b) Emissions are classified and symbolized according to the following 
characteristics. 
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(1) Type of modulation of main carrier. 
(2) Type of transmission. 
(3) Supplementary characteristics. 


(c) Types of modulation of main carrier: 


Symbol 
(1) Amplitude . . Sale le CE Ou. eh ley) ema ce ote suey ec 
(2) Frequency (or Dey oy Slaw! cee Bag) las See Mb oy eee 
(3) Pulse ee Oe NAO One Skat, Puce eet rc 
(d) Types of transmission: 
(1) Absence of any modulation intended to carry information. . . . 0 
(2) Telegraphy without the use of a modulating audio frequency. . 1 
(3) Telegraphy by the on-off keying of a modulating audio frequency 
or audio frequencies, or by the on-off keying of the modulated 
emission (special case: an unkeyed modulated emission). . . 2 
(4) Telephony (including sound broadcasting) . . 3 


(5) Facsimile (with modulation of main carrier either directly or Bee a 
frequency modulated sub-carrier) . 4 
(6) Television (visual only) . ship Bice dn? pupn! olden he tate ie Lat st a 
(7) Four-frequency diplex telegraphy .-: .: .u+ » +s «ss 
(8) Multichannel voice-frequency telegraphy 7 
(9) Cases not covered by the above . 9 


(e) Supplementary characteristics: 


(1). Double sideband. 6-40 45. Seu nk TW Ae oes oe ee 
(2) Single sideband: 
(i) Reduced carrier 
(ii) Full carrier 
(iii) Suppressed carrier . ; 
(3) Two independent sidebands . 
(4) Vestigial sideband . 
(5) Pulse: 
(i) Amplitude modulated . . . 
(ii) Width (or duration) sricsebalaced 
(ii) Phase (or‘position) modulated . 
(iv) Code modulated 
(6) Digital modulations 
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(f) The classification of typical emissions is as shown in Table 1 on 
pages 537 through 539. 

(g) Type B emission: As an exception to the above principles, damped 
waves are symbolized in the Commission’s rules and regulations as type 
B emissions. 

(h) Whenever the full designation of an emission is necessary, the 
symbol for that emission, as given above, shall be preceded by a number 
indicating in kilohertz the necessary bandwidth of the emission. Band- 
widths shall generally be expressed to a maximum of three significant 
figures, the third figure being almost always a nought or a five. 
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* * * % * ® 


R & R 2.402 Control of Distress Traffic. The control of distress traffic 
is the responsibility of the mobile station in distress or of the mobile sta- 
ton, which by the application of the provisions of R & R 2.403, has sent 
the distress call. These stations may, however, delegate the control of the 
distress traffic to another station. 


R & R 2.403 Retransmission of Distress Message. Any station which 
becomes aware that a mobile station is in distress may transmit the dis- 
tress message in the following cases: 

(a) When the station in distress is not itself in a position to transmit 
the message. 

(b) In the case of mobile stations, when the master or the person 
in charge of the ship, aircraft or other vehicles carrying the station 
which intervenes believes that further help is necessary. 

(c) In the case of other stations, when directed to do so by the 
station in control of distress traffic or when it has reason to believe 
that a distress call which it has intercepted has not been received by 
any station in a position to render aid. 


R & R 2.404 Resumption of Operation After Distress. No station hav- 
ing been notified to cease operation shall resume operation on frequency 
or frequencies which may cause interference until notified by the station 
issuing the original notice that the station involved will not interfere 
with distress traffic as it is then being routed or until the receipt of a 
general notice that the need for handling distress traffic no longer exists. 


R & R2.405 Operation During Emergency. The licensee of any station 
(except amateur, standard broadcast, FM broadcast, noncommercial edu- 
cational FM broadcast, or television broadcast) may, during a period of 
emergency in which normal communication facilities are disrupted as a 
result of hurricane, flood, earthquake, or similar disaster, utilize such sta- 
tion for emergency communication service in communicating in a man- 
ner other than that specified in the instrument of authorization: Provided, 

(a) That as soon as possible after the beginning of such emergency 
use, notice be sent to the Commission at Washington, D.C., and to the 
Engineer in Charge of the district in which the station is located, stat- 
ing the nature of the emergency and the use to which the station is 
being put, and 

(b) That the emergency use of the station shall be discontinued as 
soon as substantially normal communication facilities are again avail- 
able, and 

(c) That the Commission at Washington, D.C., and the Engineer in 
Charge shall be notified immediately when such special use of the 
station is terminated: Provided, further, 
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(d) That in no event shall any station engage in emergency trans- 
mission on frequencies other than, or with power in excess of, that 
specified in the instrument of authorization or as otherwise expressly 
provided by the Commission, or by law: And provided further, 

(e) That any such emergency communication undertaken under this 
section shall terminate upon order of the Commission. 


a a % %* * a 


R & R 2.901 Basis and Purpose. (a) In order to carry out its re- 
sponsibilities under the Communications Act and the various treaties 
and international regulations, and in order to promote efficient use of 
the radio spectrum, the Commission has developed technical standards 
for radio frequency equipment and parts or components thereof. The 
technical standards applicable to individual types of equipment are found 
in that part of the rules governing the service wherein the equipment is 
to be operated. In addition to the technical standards provided, the rules 
governing the service may require that such equipment receive equip- 
ment authorization from the Commission by one of the following pro- 
cedures: type approval, type acceptance, or equipment certification. 


PART 13: COMMERCIAL RADIO OPERATORS 


R & R 13.3. Dual Holding of Licenses. (a) U.S. citizens, citizens 
of American Samoa, and Trust Territory citizens may not hold more 
than one radiotelephone license and one radiotelegraph license at the 
same time. 

(b) Aliens may hold two Restricted Radiotelephone Operator Per- 
mits at the same time as each one may convey partial operating authority. 


R & R 13.4 Term of Licenses. (a) Except as provided in paragraphs 
(b) and (c) of this section, commercial operator licenses will normally 
be issued for a term of five years from the date of issuance. 


* * * * * * 


R & R 13.5 Eligibility for New License. (a) Commercial oper- 
ator licenses are issued to (1) United States citizens. (2) United States 
nationals. (3) Citizens of the Trust Territory of the Pacific Islands pre- 
senting valid identity certificates issued by the High Commissioner of 
the Trust Territory. (4) Aliens holding Federal Aviation Administra- 
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tion pilot certificates. (5) Aliens holding Federal Communications Com- 
mission station licenses, but the operator license will be valid only for 
operating the station licensed in the name of the alien. 


* ie a % * * 


R & R 13.6 Operator License, Posting of. The original license of each 
station operator shall be posted at the place where he is on duty, except 
as otherwise provided in this part or in the rules governing the class of 
station concerned. 


R & R 13.11 Procedure. (a) General. Applications shall be governed 
by applicable rules in force on the date when application is filed (see 
R & R 13.28). The application in the prescribed form and including all 
required subsidiary forms and documents, properly completed and signed, 
shall be submitted to the appropriate office as indicated in paragraph (b) 
of this section. If the application is for renewal of license, it may be 
filed at any time during the final year of the license term or during a 
1-year period of grace after the date of expiration of the license sought 
to be renewed. During this 1-year period of grace, an expired license 
is not valid. A renewed license issued upon the basis of an application 
filed during the grace period will be dated currently and will not be 
backdated to the date of expiration of the license being renewed. A 
renewal application shall be accompanied by the license sought to be 
renewed, If the prescribed service requirements for renewal without 
examination (see R & R 13.28) are fulfilled, the renewed license may 
be issued by mail. If the service record on the reverse side of the license 
does not fully describe or cover the service desired by the applicant to 
be considered in connection with license renewal (as might occur in 
the case of service rendered at U.S. Government stations), the renewal 
application shall be supported by documentary evidence describing in 
detail the service performed and showing that the applicant actually 
performed such service in a satisfactory manner. A separate application 
must be submitted for each license involved, whether it requests re- 
newal, new license, endorsement, duplicate, or replacement. 


* * * * * * 


R & R 13.26 Canceling and Issuing New Licenses. If the holder 
of a license qualifies for a higher class in the same group, the license 
held will be canceled upon the issuance of the new license. Similarly, if 
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the holder of a restricted operator permit qualifies for any other class or 
type of license or permit, the Restricted Radiotelephone Operator Permit 
will be canceled upon issuance of the new authorization, except as pro- 
vided in section 13.3. 


* * * * * * 


R & R 13.61 Operating Authority. The various classes of commer- 
cial radio operator licenses issued by the Commission authorize the 
holders thereof to operate radio stations except amateur, as follows (see 
also R & R 13.62 (c) for additional operating authority with respect to 
standard and FM broadcast stations): 

(a) Radiotelegraph first-class operator license. Any station except— 

(1) Stations transmitting television, or 

(2) Any of the various classes of broadcast stations, or 

(3) On a cargo vessel (other than a vessel operated exclusively on 
the Great Lakes) required by treaty or statute to be equipped with a 
radiotelegraph installation, the holder of this class of license may not 
act as chief or sole operator until he has had at least 6 months’ satisfac- 
tory service in the aggregate as a qualified radiotelegraph operator in a 
station on board a ship or ships of the United States. 

(4) On an aircraft employing radiotelegraphy, the holder of this 
class of license may not operate the radiotelegraph station during the 
course of normal rendition of service unless he has satisfactorily com- 
pleted a supplementary examination qualifying him for that duty, or 
unless he has served satisfactorily as chief or sole radio operator on an 
aircraft employing radiotelegraphy prior to February 15, 1950. The sup- 
plementary examination shall consist of: 

(i) Written examination element: 7. 

(5) Ata ship radar station, the holder of this class of license may 
not supervise or be responsible for the performance of any adjustments 
or tests during or coincident with the installation, servicing or main- 
tenance of the radar equipment while it is radiating energy unless he has 
satisfactorily completed a supplementary examination qualifying him for 
that duty and received a ship radar endorsement on his license certifying 
to that fact: Provided, That nothing in this subparagraph shall be con- 
strued to prevent persons holding licenses not so endorsed from making 
replacements of fuses or of receiving-type tubes. The supplementary ex- 
amination shall consist of: 

(i) Written examination element: 8. 

(b) Radiotelegraph second-class operator license. Any station ex- 
cept— 

(1) Stations transmitting television, or 

(2) Any of the various classes of broadcast stations, or 
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(3) On a passenger vessel (a ship shall be considered a passenger 
ship if it carries or is licensed or certificated to carry more than 12 pas- 
sengers; a cargo ship means any ship not a passenger ship) required by 
treaty or statute to maintain a continuous radio watch by operators or on 
a vessel having continuous hours of service for public correspondence, 
the holder of this class of license may not act as chief operator, or 

(4) On a vessel (other than a vessel operated exclusively on the 
Great Lakes) required by treaty or statute to be equipped with a radio- 
telegraph installation, the holder of this class of license may not act as 
chief or sole operator until he has had at least 6 months’ satisfactory 
service in the aggregate as a qualified radiotelegraph operator in a sta- 
tion on board a ship or ships of the United States. 

(5) On an aircraft employing tadiotelegraphy, the holder of this 
class of license may not operate the radiotelegraph station during the 
course of normal rendition of service unless he is at least eighteen (18) 
years of age and has satisfactorily completed a supplementary examina- 
tion qualifying him for that duty, or unless he has served satisfactorily 
as chief or sole radio operator on an aircraft employing radiotelegraphy 
prior to February 15, 1950. The supplementary examination shall con- 
sist of : 

(i) Transmitting and receiving code test at twenty-five (25) words 
per minute plain language and twenty (20) code gtoups per minute. 

(it) Written examination element: 7. 

(6) At a ship radar station, the holder of this class of license may 
not supervise or be responsible for the performance of any adjustments 
or tests during or coincident with the installation, servicing, of main- 
tenance of the radar equipment while it is radiating energy unless he 
has satisfactorily completed a supplementary examination qualifying him 
for that duty and received a ship radar endorsement on his license certi- 
fying to that fact: Provided, That nothing in this subparagraph shall be 
construed to prevent persons holding licenses not so endorsed from 
making replacements of fuses or of receiving-type tubes. The supple- 
mentary examination shall consist of: 

(1) Written examination element: 8. 

(c) {Reserved} 

(d) Radiotelegraph third-class operator permit. Any station except— 

(1) Stations transmitting television, or 

(2) Any of the various classes of broadcast stations, or 

(3) Class I-B coast stations (other than when transmitting manual 
radiotelegraphy for identification or for testing) at which the power in 
the antenna of the unmodulated carrier wave is authorized to exceed 
250 watts, or 

(4) Class II-B or Class III-B coast stations (other than those in 
Alaska and other than when transmitting manual radiotelegraphy for 
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identification or for testing) at which the power in the antenna of the 
unmodulated carrier wave is authorized to exceed 250 watts, or 

(5) Ship stations or aircraft stations other than those at which the 
installation is used solely for telephony and at which the power in the 
antenna of the unmodulated carrier wave is not authorized to exceed 
250 watts, or | 

(6) Ship stations and coast stations open to public correspondence 
. by telegraphy, or 

(7) Radiotelegraph stations on board a vessel required by treaty or 
statute to be equipped with a radio installation, or 

(8) Aircraft stations while employing radiotelegraphy: Provided, That 
(1) such operator is prohibited from making any adjustments that may 
result in improper transmitter operation, and (2) the equipment is so 
designed that the stability of the frequencies of the transmitter is main- 
tained by the transmitter itself within the limits of tolerance specified 
by the station license, and none of the operations necessary to be per- 
formed during the course of normal rendition of the service of the sta- 
tion may cause off-frequency operation or result in any unauthorized 
radiation, and (3) any needed adjustments of the transmitter that may 
affect the proper operation of the station are regularly made by or under 
the immediate supervision and responsibility of a person holding a first- 
or second-class commercial radio operator license, either radiotelephone 
or radiotelegraph as may be appropriate for the class of station involved 
(as determined by the scope of the authority of the respective licenses 
as set forth in paragraphs (a), (b), (e), and (f) of this section and 
R & R 13.62), who shall be responsible for the proper functioning of 
the station equipment, and (4) in the case of ship radio telephone or 
aircraft radiotelephone stations when the power in the antenna of the 
unmodulated carrier wave is authorized to exceed 100 watts, any needed 
adjustments of the transmitter that may affect the proper operation of 
the station are made only by or under the immediate supervision and 
responsibility of an operator holding a first- or second-class radiotele- 
graph license, who shall be responsible for the proper functioning of 
the station equipment. 

(e) Radiotelephone first-class operator license. Any station except— 

(1) Stations transmitting telegraphy by any type of the Morse code, or 

(2) [Reserved] 

(3) Ata ship radar station, the holder of this class of license may 
not supervise or be responsible for the performance of any adjustments 
or tests during or coincident with the installation, servicing, or main- 
tenance of the radar equipment while it is radiating energy unless he has 
satisfactorily completed a supplementary examination qualifying him for 
that duty and received a ship radar endorsement on his license certifying 
to that fact: Provided, That nothing in this subparagraph shall be con- 


ay 
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strued to prevent persons holding licenses not so endorsed from making 
replacements of fuses or of receiving-type tubes. The supplementary ex- 
amination shall consist of: 

(1) Written examination element: 8. 

(f) Radiotelephone second-class operator license. Any station ex- 
cept— 

(1) Stations transmitting telegraphy by any type of the Morse Code, or 

(2) Standard broadcast stations, or 

(3) International broadcast stations, or 

(4) FM broadcast stations, or 

(5) Noncommercial educational FM broadcast stations with trans- 
mitter power rating in excess of 1 kilowatt, or 

(6) Television broadcast stations, or 

(7) {Reserved} 

(8) At a ship radar station, the holder of this class of license may 
not supervise or be responsible for the performance of any adjustments 
or tests during or coincident with the installation, servicing, or main- 
tenance of the radar equipment while it is radiating energy unless he 
has satisfactorily completed a supplementary examination qualifying him 
for that duty and received a ship radar endorsement on his license certi- 
fying to that fact: Provided, That nothing in this subparagraph shall be 
construed to prevent persons holding licenses not so endorsed from 
making replacements of fuses or of receiving-type tubes. The supple- 
mentary examination shall consist of: 

(1) Written examination element: 8. 

(g) Radiotelephone third-class operator permit. Any station except— 

(1) Stations transmitting television other than Instructional Tele- 
vision Fixed Service stations, or 

(2) Stations transmitting telegraphy by any type of the Morse Code, or 

(3) Any of the various classes of broadcast stations, or 

(4) Class I-B coast stations at which the power is authorized to ex- 
ceed 250 watts carrier power or 1000 watts peak envelope power, or 

(5) Class II-B or Class III-B coast stations, other than those in 
Alaska, at which the power is authorized to exceed 250 watts carrier 
power of 1000 watts peak envelope power, or 

(6) Ship stations or aircraft stations at which the installation is not 
solely for telephony, or at which the power is more than 250 watts car- 
tier power or 1000 watts peak envelope power: Provided, That (1) 
such operator is prohibited from making any adjustments that may re- 
sult in improper transmitter operation, and (2) the equipment is so de- 
signed that the stability of the frequencies of the transmitter is main- 
tained by the transmitter itself within the limits of tolerance specified 
by the station license, and none of the operations necessary to be per- 
formed during the course of normal rendition of the service of the 
station may cause off-frequency operation or result in any unauthorized 
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radiation, and (3) any needed adjustments of the transmitter that may 
affect the proper operation of the station are regularly made by or under 
the immediate supervision and responsibility of a person holding a first- 
or second-class commercial radio operator license, either radiotelephone 
or radiotelegraph as may be appropriate for the class of station involved 
(as determined by the scope of the authority of the respective licenses as 
set forth in paragraphs (a), (b), (e), and (f) of this section and 
R & R 13.62), who shall be responsible for the proper functioning of the 
station equipment, and (4) in the case of ship radiotelephone or air- 
craft radiotelephone stations when the power in the antenna of the un- 
modulated carrier wave is authorized to exceed 100 watts, any needed 
adjustments of the transmitter that may affect the proper operation of 
the station are made only by or under the immediate supervision and 
responsibility of an operator holding a first- or second-class radiotele- 
graph license, who shall be responsible for the proper functioning of the 
station equipment. 


3 * * * * * 


R & R 13.63 Operator’s Responsibility. The licensed operator responsi- 
ble for the maintenance of a transmitter may permit other persons to 
adjust a transmitter in his presence for the purpose of carrying out tests 
or making adjustments requiring specialized knowledge or skill, pro- 
vided that he shall not be relieved thereby from responsibility for the 
proper operation of the equipment. 


* ae * * ad * 


R & R 13.65 Damage to Apparatus. No licensed radio operator 
shall willfully damage, or cause or permit to be damaged, any radio 
apparatus or installation in any licensed radio station. 


R & R 13.66 Unnecessary, Unidentified, or Superfluous Communica- 
tions. No licensed radio operator shall transmit unnecessary, unidentified, 
or superfluous radio communications or signals. 


R & R 13.67 Obscenity, Indecency, Profanity. No licensed radio oper- 
ator or other person shall transmit communications containing obscene, 
indecent, or profane words, language, or meaning. 


R & R 13.68 False Signals. No licensed radio operator shall transmit 
false or deceptive signals or communications by radio, or any call létter 
or signal which has not been assigned by proper authority to the radio 
station he is operating. 
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R & R 13.69 Interference. No licensed radio operator shall willfully 
or maliciously interfere with or cause interference to any radio commu- 
nication or signal. 


R & R 13.70 Fraudulent Licenses. No licensed radio operator or other 
person shall alter, duplicate, or fraudulently obtain, or assist another to 
alter, duplicate, or fraudulently obtain an operator license. Nor shall any 
person use a license issued to another or a license which he knows to 
have been altered, duplicated, or fraudulently obtained. 


R & R 13.71 Issue of Duplicate or Replacement Licenses. (a) If 
the authorization is of the diploma form, a properly executed applica- 
tion for duplicate should be submitted to the office of issue. If the au- 
thorization is of the card form (Restricted Radiotelephone Operator 
Permit), a properly executed application for replacement should be sub- 
mitted to the Federal Communications Commission, Gettysburg, Pa. 
17325, EXCEPT for alien restricted radiotelephone operator permit ap- 
plications, which must be submitted to Federal Communications Com- 
mission, Washington, D.C. 20554. In either case the application shall 
embody a statement of the circumstances involved in the loss, mutila- 
tion, or destruction of the license or permit. If the authorization has 
been lost, the applicant must state that reasonable search has been made 
for it, and, further, that in the event it be found, either the original or 
the duplicate (or replacement) will be returned for cancellation. If the 
authorization is of the diploma form, the applicant should also submit 
documentary evidence of the service that has been obtained under the 
original authorization, or a statement embodying that information. 

(b) The holder of any license or permit whose name is legally changed 
may make application for a replacement document to indicate the new 
legal name by submitting a properly executed application accompanied 
by the license or permit affected. If the authorization is of the diploma 
form, the application should be submitted to the office where it was is- 
sued. If the authorization is of the card form (Restricted Radiotelephone 
Operator Permit), it should be submitted to the Federal Communica- 
tions Commission, Gettysburg, Pa. 17325, EXCEPT for alien restricted 
radiotelephone operator permit applications, which must be submitted to 
Federal Communications Commission, Washington, D.C. 20554. 


R & R 13.72 Exhibiting Signed Copy of Application. When a 
duplicate or replacement operator license or permit has been requested, 
or request has been made for renewal, or a request has been made for 
an endorsement, higher class license or permit, or verification card, the 
operator shall exhibit in lieu of the original document a signed copy of 
the application which has been submitted to the Commission. 


* % * * % bg 
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R & R 13.74 Posting Requirements for Operator Licenses. (a) 
Licensed commercial radio operators, on duty at a single transmitting 
system, shall post their radio operator license or permit in accordance 
with the ruies governing that station when: 

(1) Performing radio operating duties and in charge of the trans- 
mitting systems, or 

(2) Supervising or performing service and maintenance or inspection 
duties at the transmitting systems. 

(b) Licensed commercial radio operators, on duty at two or more 
transmitting systems, which are not co-located, shall post their radio 
operator license or permit at one of the stations, and a valid verified 
posting statement (FCC Form 759) at each other station in accordance 
with the rules governing those stations when: 

(1) Performing radio operating duties and in charge of the trans- 
mitting systems, or 

(2) Supervising or performing service and maintenance or inspection 
duties at the transmitting systems. 

(c) In stations where rules for that service do not require posting, 
licensed commercial operators on duty and in charge of transmitting 
systems or performing service and maintenance or inspection duties of 
such transmitting systems, shall have on their person their radio opera- 
tor license or permit, or a valid license verification card (FCC Form 
758-F), which shall be available for inspection upon request by a Com- 
mission representative. 


R & R 13.75 Record of Service and Maintenance Duties Performed. In 
every case where a station log or service and maintenance records are 
required to be kept and where service or maintenance duties are per- 
formed which may affect the proper operation of a station, the respon- 
sible operator shall sign and date an entry in the log of the station 
concerned, or in the station maintenance records if no log is required, 
giving: 

(a) Pertinent details of all service and maintenance work performed 
by him under his supervision; 

(b) His name and address; and 

(c) The class, serial number and expiration date of his license: 
Provided, That the responsible operator shall not be subject to require- 
ments in paragraphs (b) and (c) of this section in relation to a station, 
or stations of one licensee at a single location, at which he is regularly 
employed as an operator on a full time basis and at which his license 


is properly posted. 


* * * * ¥* * 
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PART 17: SPECIFICATIONS FOR OBSTRUCTION MARKING 
AND LIGHTING OF ANTENNA STRUCTURES 


R & R 17.21 Painting and Lighting, When Required. Antenna 
structures shall be painted and lighted when: 

(a) They exceed 200 feet in height above the ground or they require 
special aeronautical study. 

(b) The Commission may modify the above requirement for paint- 
ing and/or lighting of antenna structures, when it is shown by the ap- 
plicant that the absence of such marking would not impair the safety of 
air navigation, or that a lesser marking requirement would insure the 
safety thereof. 


* a % a * He 


R & R 17.23 Specifications for the Painting of Antenna Struc- 
tures in Accordance with R & R 17.21. Except for antenna structures 
lighted in conformance with R & R 17.39, 17.40, 17.41, and 17.42. (High 
Intensity Obstruction Lighting), antenna structures shall be painted 
throughout their height with alternate bands of aviation surface orange 
and white, terminating with aviation surface orange bands at both top 
and bottom. The width of the bands shall be equal and approximately 
one-seventh the height of the structure, provided however, that the 
bands shall not be more than 100 feet nor less than 114 feet in width. 


* bs * ae a a 


R & R 17.25 Specifications for the Lighting of Antenna Struc- 
tures Over 150 Feet Up To and Including 300 Feet in Height. (a) 
Antenna structures over 150 feet, up to and including 200 feet in height 
above ground, which are required to be lighted as a result of notification 
to the FAA under R & R 17.7 and antenna structures over 200 feet, up 
to and including 300 feet in height above ground, shall be lighted as 
follows: 

(1) There shall be installed at the top of the structure one 300 m/m 
electric code beacon equipped with two 620- or 700-watt lamps (PS—40, 
Code Beacon type), both lamps to burn simultaneously, and equipped 
with aviation red color filters. Where a rod or other construction of not 
more than 20 feet in height and incapable of supporting this beacon is 
mounted on top of the structure and it is determined that this additional 
construction does not permit unobstructed visibility of the code beacon 
from aircraft at any normal angle of approach, there shall be installed 
two such beacons positioned so as to insure unobstructed visibility of at 
least one of the beacons from aircraft at any normal angle of approach. 
The beacon shall be equipped with a flashing mechanism producing not 
more than 40 flashes per minute nor less than 12 flashes per minute with 
a period of darkness equal to one-half of the luminous period. 
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(2) At the approximate midpoint of the overall height of the tower 
there shall be installed at least two 116- or 125-watt lamps (A21/TS) 
enclosed in aviation red obstruction light globes. Each light shall be 
mounted so as to insure unobstructed visibility of at least one light at 
each level from aircraft at any normal angle of approach. 

(3) All lights shall burn continuously or shall be controlled by a light 
sensitive device adjusted so that the lights will be turned on at a north 
sky light intensity level of about 35 foot-candles and turned off at a north 
sky light intensity level of about 58 foot-candles. 


* * * * * * 


R & R 17.27 Specifications for the Lighting of Antenna Structures 
Over 450 Feet Up To and Including 600 Feet in Height. (a) Antenna 
structures over 450 feet up to and including 600 feet in height above the 
ground shall be lighted as follows: 

(1) There shall be installed at the top of the structure one 300 m/m 
electric code beacon equipped with two 620- or 700-watt lamps (PS—40, 
Code Beacon type), both lamps to burn simultaneously, and equipped 
with aviation red color filters. Where a rod or other construction of not 
more than 20 feet in height and incapable of supporting this beacon is 
mounted on top of the structure and it is determined that this additional 
construction does not permit unobstructed visibility of the code beacon 
from aircraft at any normal angle of approach, there shall be installed 
two such beacons positioned so as to insure unobstructed visibility of at 
least one of the beacons from aircraft at any normal angle of approach. 
The beacons shall be equipped with a flashing mechanism producing not 
more than 40 flashes per minute nor less than 12 flashes per minute with 
a period of darkness equal to one-half of the luminous period. 

(2) At approximately one-half of the overall height of the tower, 
one similar flashing 300 m/m electric code beacon shall be installed in 
such position within the tower proper that the structural members will 
not impair the visibility of this beacon from aircraft at any normal angle 
of approach. In the event this beacon cannot be installed in a manner to 
insure unobstructed visibility of it from aircraft at any normal angle of 
approach, there shall be installed two such beacons at each level. Each 
beacon shall be mounted on the outside of diagonally opposite corners 
or opposite sides of the tower at the prescribed height. 

(3) On levels at approximately three-fourths and one-fourth of the 
overall height of the tower, at least one 116- or 125-watt lamp (A21/ 
TS) enclosed in an aviation red obstruction light globe shall be installed 
on each outside corner of the tower at each level. 

(4) All lights shall burn continuously or shall be controlled by a light 
sensitive device adjusted so that the lights will be turned on at a north 
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sky light intensity level of about 35 foot-candles and turned off at a 
north sky light intensity level of about 58 foot-candles. 


*% * * cd * * 


R&R 17.47 Inspection of Tower Lights and Associated Control 
Equipment. The licensee of any radio station which has an antenna 
structure requiring illumination pursuant to the provisions of section 
303(q) of the Communications Act of 1934, as amended, as outlined 
elsewhere in this part: 

(a) (1) Shall make an observation of the tower lights at least once 
each 24 hours either visually or by observing an automatic properly 
maintained indicator designed to register any failure of such lights, to 
insure that all such lights are functioning properly as required; or 
alternatively, ) 

(2) Shall provide and properly maintain an automatic alarm system 
designed to detect any failure of such lights and to provide indication 
of such failure to the licensee. 

(b) Shall inspect at intervals not to exceed 3 months all automatic 
or mechanical control devices, indicators, and alarm systems associated 
with the tower lighting to insure that such apparatus is functioning 
properly. 

R & R 17.48 Notification of Extinguishment or Improper 
Functioning of Lights. The licensee of any radio station which has an 
antenna structure requiring illumination pursuant to the provisions of 
section 303(q) of the Communications Act of 1934, as amended, as 
outlined elsewhere in this part: 

(a) Shall report immediately by telephone or telegraph to the 
nearest Flight Service Station or office of the Federal Aviation Admini- 
stration any observed or otherwise known extinguishment or improper 
functioning of any top steady-burning light or any flashing obstruction 
light, regardless of its position on the antenna structure, not corrected 
within 30 minutes. Such reports shall set forth the condition of the light 
or lights, the circumstances which caused the failure, and the probable 
date for restoration of service. Further notification by telephone or tele- 
gtaph shall be given immediately upon resumption of normal operation 
of the light or lights. 

(b) An extinguishment or improper functioning of a steady burn- 
ing side intermediate light or lights, shall be corrected as soon as 
possible, but notification to the FAA of such extinguishment or im- 
proper functioning is not required. 


R & R 17.49 Recording of Tower Light Inspections in the 
Station Record. The licensee of any radio station which has an antenna 
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structure requiring illumination shall make the following entries in the 
station record of the inspections required by R & R 17.47. 

(a) The time the daily check of proper operation of the tower lights 
was made, if automatic alarm system is not provided. 

(b) In the event of any observed or otherwise known extinguishment 
or improper functioning of a tower light: 

(1) Nature of such extinguishment or improper functioning. 

(2) Date and time the extinguishment or improper functioning was 
observed, or otherwise noted. 

(3) Date, time, and nature of the adjustments, repairs, or replace- 
ments made. 

(4) Identification of Flight Service Station (Federal Aviation Ad- 
ministration) notified of the extinguishment of improper functioning 
of any code or rotating beacon light or top light not corrected within 
30 minutes, and the date and time such notice was given. 

(5) Date and time notice was given to the Flight Service Station 
(Federal Aviation Administration) that the required illumination was 
resumed. 

(c) Upon completion of the periodic inspection required at least once 
each 3 months: 

(1) The date of the inspection and the condition of all tower 
lights and associated tower lighting control devices, indicators and 
alarm systems. 

(2) Any adjustments, replacements, or repairs made to insure 
compliance with the lighting requirements and the date such adjust- 
ments, replacements or repairs were made. 


R &R17.50 Cleaning and Repainting. All towers shall be cleaned 
or repainted as often as necessary to maintain good visibility. 


R &R17.51 Time When Lights Shall Be Exhibited. All lighting 
shall be from sunset to sunrise unless otherwise specified. 


* * * * * * 


R &R17.53 Lighting Equipment. The lighting equipment, color 
of filters, and shade of paint referred to in the specifications are further 
defined in the following government and/or Army-Navy Aeronautical 
Specifications, Bulletins, and Drawings: (Lamps are referred to by 
standard numbers). (See Table 2, on next page.) 


* bs * bd % % 


R &R17.56 Maintenance of Lighting Equipment. Replacing or 
repairing of lights, automatic indicators, or automatic alarm systems 
shall be accomplished as soon as practicable. 
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Table 2. Lighting Equipment Specifications 


Ouiside white i piety ae 
Aviation surface Ofan ge orcs 
Aviation surface orange, enamel... 
Aviation red obstruction light— 

COIOT dat cus titent Naar mi tame 


| 0 MaeieiaN ici take Heese) onite Sy ate ute 


a a a ele, Al eth Su bale k 
High intensity white obstruction 


TT-P-1021 (Color No. 17875, 
FS-595). 

TT-P-591 (Color No. 12197, 
FS-595). 

TT-E-4891 (Color No. 12197, 
FS—595). 


MIL-C-25050.2 

CAA-4463 Code Beacons, 
mm. 

MIL-6273.2 

L-810 8 (FAA ACNo. 150/5345- 
pM) i 

MIL-L-7830.2 

FAA/DOD L-856 (FAA AC No. 


300 


FGA E OU 0 OES Uae 150/5345-43B 4), 


U1G-Weatt lamp Tk cies aekoas No. 116 A21/TS (6000h). | 
125) Watt lamp i os Gea No. 125 A21/TS (6000h). 
G2U- Watt Lanip creme ecm No. 620 PS—40 (3000 h). 


TOOW AtCAAMD. ha Oates Om No. 700 PS—40 (6000 h). 


* Copies of this specification can be obtained from the Specification Activity, Build- 
ing 197, Room 301, Naval Weapons Plant, 1st and N Streets SE., Washington, 
D.C. 20407. 

* Copies of Military specifications can be obtained by contacting the Command- 
ing Officer, Naval Publications and Forms Center, 5801 Tabor Ave., Attention: 
NPPC-105, Philadelphia, Pa. 19120. : 
* Copies of Federal Aviation Administration specifications may be obtained from 
the Chief, Configuration Control Branch, AAF—110, Department of Transporta- 
tion, Federal Aviation Administration, 800 Independence Avenue SW., Wash- 
ington, D.C. 20591. 

“Copies of Federal Aviation Administration advisory circulars may be obtained 
from the Department of Transportation, Publications Section, TAD-443.1, 400 
7th St. SW., Washington, D.C. 20590. 


PART 73: RADIO BROADCAST SERVICES 


R & R 73.1 AM Broadcast Station. The term “AM broadcast sta- 
tion’”’ means a broadcast station licensed for the dissemination of radio 
communications intended to be received by the public and operated on 
a channel in the band 535-1605 kilohertz (kHz). The term “AM 
broadcast” is synonymous with the term ‘‘standard broadcast’ as con- 
tained elsewhere in this Chapter. 
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R & R 73.2. AM Broadcast Band. The term “AM Broadcast band” 
means the band of frequencies extending from 535 to 1605 kHz. 


R & R 73.3. AM Broadcast Channel. The term ‘AM broadcast 
channel’ means the band of frequencies occupied by the carrier and two 
sidebands of a broadcast signal with the carrier frequency at the center. 
Channels shall be designated by their assigned carrier frequencies. The 
107 carrier frequencies assigned to AM broadcast stations shall begin at 
540 kHz and be in successive steps of 10 kHz. 


ae * * & sd * 
R & R 73.6 Daytime, see R & R 73.1720 (follows). 


R & R 73.1720 Daytime. Operation is permitted during the hours 
between average monthly local sunrise and average monthly local sunset. 

(a) The controlling times for each month of the year are stated in 
the station’s instrument of authorization. Uniform sunrise and sunset 
times are specified for all of the days of each month, based upon the 
actual times of sunrise and sunset for the fifteenth day of the month 
adjusted to the nearest quarter hour. Sunrise and sunset times are 
derived by using the Standardized Procedure and the tables in the 1946 
American Nautical Almanac issued by the United States Naval 
Observatory. 


R & R 73.7 Nighttime. The term ‘‘nighttime’’ means that period 
of time between local sunset and local sunrise. 


R & R 73.8 Sunrise and Sunset. The terms “sunrise” and “sunset” 
mean, for each particular location and during any particular month, the 
time of sunrise and sunset as specified in the instrument of authorization. 


R & R 73.9 Broadcast Day, see R & R 73.1700 (follows). 


R & R 73.1700 Broadcast Day. The term ‘broadcast day’’ means 
that period of time between the station’s sign-on and its sign-off. 


% & * * % * 


R & R 73.14 Technical Definitions. (a) Combined Audio Harmonics. 
The term “combined audio harmonics” means the arithmetical sum of 
the amplitudes of all the separate harmonic components. Root sum 
square harmonic readings may be accepted under conditions prescribed 
by the Commission. 

(b) Effective Field. The term “‘effective field’”’ or “effective field in- 
tensity” is the root-mean-square (rms) value of the inverse distance 
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fields at a distance of 1 mile from the antenna in all directions in the 
horizontal plane. . 

(c) Nominal power. ‘Nominal power’ is the power of a standard 
broadcast station, as specified in a system of classification which in- 
cludes the following values; 50 kW, 25 kW, 10 kW, 5 kW, 2.5 kW, 
1 kW, 0.5 kW, 0.25 kW. 


(d) Operating power. Depending on the context within which it 
is employed, the term “operating power” may be synonymous with 
“nominal power” or “antenna power.” 

(e) Maximum rated carrier power. ‘Maximum rated carrier power” 
is the maximum power at which the transmitter can be operated satis- 
factorily and is determined by the design of the transmitter and the 
type and number of vacuum tubes used in the last radio stage. 

(f) Plate input power. ‘Plate input power’ means the product of 
the direct plate voltage applied to the tubes in the last radio stage and 
the total direct current flowing to the plates of these tubes, measured 
without modulation. 

(g) Antenna power. ‘Antenna input power” or “‘antenna power” 
means the product of the square of the antenna current and the antenna 
resistance at the point where the current is measured. 

(h) Antenna current. ‘Antenna current” means the radio-frequency 
current in the antenna with no modulation, 

(1) Antenna resistance. “Antenna resistance’ means the total re- 
sistance of the transmitting antenna system at the operating frequency 
and at the point at which the antenna current is measured. 

(j) Modulator stage. ‘Modulator stage” means the last amplifier 
stage of the modulating wave which modulates a radio-frequency stage. 

(k) Modulated stage. ‘Modulated stage” means the radio-frequency 
stage to which the modulator is coupled and in which the continuous 
wave (carrier wave) is modulated in accordance with the system of 
modulation and the characteristics of the modulating wave. 

(1) Last radio stage. ‘Last radio stage’ means the oscillator or 
radio-frequency-power amplifier stage which supplies power to the 
antenna. 

(m) Percentage modulation (amplitude) . In a positive direction: 


M= MAX ~ C x 100 
G 
In a negative direction: 
M = se x 100 


M = Modulation level in percent. 
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MAX = Instantaneous maximum level of the modulated radio 
frequency envelope. 
MIN = Instantaneous minimum level of the modulated radio 
frequency envelope. 
C = (Carrier) level or radio frequency envelope without 
modulation. 

(n) Maximum percentage of modulation. “Maximum percentage of 
modulation” means the greatest percentage of modulation that may be 
obtained by a transmitter without producing in its output harmonics of 
the modulating frequency in excess of those permitted by these regula- 
tions. 

(0) High level modulation. “High level modulation” is modulation 
produced in the plate circyit of the last radio stage of the system. 

(p) Low level modulation. “Low level modulation” is modulation 
produced in an earlier stage than the final. 

(q) Plate modulation. “Plate modulation” is modulation produced 
by introduction of the modulating wave into the plate circuit of any 
tube in which the carrier frequency wave is present. 

(t) Grid modulation. “Grid modulation” is modulation produced 
by introduction of the modulating wave into any of the grid circuits of 
any tube in which the carrier frequency wave is present. 

(s) Blanketing. Blanketing is that form of interference which is 
caused by the presence of a broadcast signal of 1 volt per meter (V/m) 
or greater intensity in the area adjacent to the antenna of the transmit- 
ting station. The 1-V/m contour is referred to as the blanket contour 
and the area within this contour is referred to as the blanket area. 


* * * * * * 


R & R 73.51 Antenna Input Power; How Determined, (a) Ex- 
cept in those circumstances described in paragraph (d) of this section, 
the antenna input power shall be determined by the direct method, i.e., 
as the product of thé antenna resistance at the operating frequency 
(see R & R 73.54) and the square of the unmodulated antenna current 
at that frequency, measured at the point where the antenna resistance 
has been determined. 


% 3 * * * He 


(d) The antenna input power shall be determined on a temporary 
basis by the indirect method described in paragraphs (e) and (f) of 
this section in the following circumstances: (1) In an emergency, 
where the authorized antenna system has been damaged by causes be- 
yond the control of the licensee or permittee (see R & R 73.45), or 
(2) pending completion of authorized changes in the antenna system, 
or (3) if changes occur in the antenna system or its environment which 
affect or appear likely to affect the value of antenna resistance or (4) 
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if the antenna current meter becomes defective (see R & R 73.58). 
Prior authorization for the indirect determination of antenna input 
power is not required. However, an appropriate notation shall be made 
in the operating log. 

(e) (1) Antenna input power is determined indirectly by applying 
an appropriate factor to the plate input power, in accordance with the 
following formula: : 


Antenna input power = Ep x Ip x F 


Where: 
Ep = Plate voltage of final radio stage. 
Ip = Total plate current of final radio stage. 
F = Efficiency factor. 


(2) The value of F applicable to each mode of operation shall be en- 
tered in the operating log for each day of operation, with a notation as 
to its derivation. This factor shall be established by one of the methods 
described in paragraph (f) of this section, which are listed in order of 
preference. The product of the plate current and plate voltage, or, al- 
ternatively, the antenna input power, as determined pursuant to sub- 
paragraph (1) of this paragraph, shall be entered in the operating log 
under an appropriate heading for each log entry of plate current and 
plate voltage. 


R & R 73.52 Antenna Input Power; Maintenance of. (a) The 
actual antenna input power of each station shall be maintained as near 
as 1s practicable to the authorized antenna input power and shall not 
be less than 90 percent nor greater than 105 percent of the authorized 
power; except that, if, in an emergency, it becomes technically im-— 
possible to operate with the authorized power, the station may be op- 
erated with reduced power for a period of not more than 30 days with- 
out further authority from the Commission, Provided, That notification 
is sent to the Commission in Washington, D.C. not less than the 10th 
day of the lower power operation. In the event normal power is restored 
prior to the expiration of the 30 day period, the permittee or licensee 
will so notify the Commission in Washington, D.C. of this date. If 
_ causes beyond the control of the permittee or licensee prevent restoration 
of authorized power within the allowed period, informal written request 
shall be made to the Commission in Washington, D.C. no later than the 
30th day for such additional time as may be deemed necessary. 

(b) In addition to maintaining antenna input power within the 
above limitations, each station employing a directional antenna shall 
maintain the relative amplitudes of the antenna currents in the ele- 
ments of its array within 5 percent of the ratios specified in its license 
or other instrument of authorization, unless more stringent limits are 
specified therein. 
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R & R 73.55 Modulation. The percentage of modulation shall be 
maintained at as high a level as is consistent with good quality of 
transmission and good broadcast service. In no case shall it exceed 
100 percent on negative peaks of frequent recurrence, or 125 percent 
on positive peaks at any time. Generally, modulation should not be 
less than 85 percent on peaks of frequent recurrence, but where such 
action may be required to avoid objectionable loudness, the degree of 
modulation may be reduced to whatever level is necessary for this 
purpose, even though, under such circumstances, the level may be 
substantially less than that which produces peaks of frequent recur- 
rence at a level of 85 percent. 


R & R 73.56 Modulation Monitors. (a) Each AM station shall 
have installed either at the transmitter site, the extension meter location, 
or at the remote control point from which the transmitter is controlled, 
a properly operating modulation monitor of a type approved by the 
Commission. Except for stations that are operating with an automatic 
transmission system (ATS), the monitor shall be in continuous opera- 
tion- with the modulation level meter indications available to the 
operator on duty in charge of the transmitter. 

(b) In the event that the modulation monitor becomes defective 
the station may be operated without the monitor pending its repair or 
replacement for a period not in excess of 60 days without further au- 
thority of the Commission: Provided, That: (1) Appropriate entries shall 
be made in the maintenance log of the station showing the date and time 
the monitor was removed from and restored to service. (2) The degree 
of modulation of the station shall be monitored with a cathode ray oscil- 
loscope or other acceptable means. 

(c) If conditions beyond the control of the licensee prevent the resto- 
ration of the monitor to service within the above allowed period, informal 
request in accordance with R & R 1.549 of this chapter may be filed with 
the Engineer in Charge of the radio district in which the station 1s oper- 
ating for such additional time as may be required to complete repairs of 
the defective instrument. 


* * * * * * 


R & R 73.58 Indicating Instruments. (a) Each AM broadcast 
station shall be equipped with indicating instruments which conform 
with the specifications described in R & R 73.1215 for determining 
power by the direct and indirect methods, and with such other instru- 
ments as are necessary for the proper adjustment, operation, and main- 
tenance of the transmitting system. 
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(b) A thermocouple type ammeter, or other device capable of pro- 
viding an indication of radio frequency current at the base of each 
antenna element, meeting requirements of R & R 73.1215, shall be per- 
manently installed in the antenna circuit or a suitable jack and plug 
arrangement may be made to permit removal of the meter from the an- 
tenna circuit so as to protect it from damage by lightning. Where a jack 
and plug arrangement is used, contacts shall be made of silver and 
capable of operating without arcing or heating, and shall be protected 
against corrosion. Insertion and removal of the meter shall not interrupt 
the transmissions of the station. When removed from the antenna cir- 
cuit, the meter shall be labeled to clearly identify the tower in which it 
is used, and shall be stored in a location which is readily available to 
that tower. Care shall be exercised in handling the meter to prevent 
damage which would impair its accuracy. Where the meter is perma- 
nently connected in the antenna circuit, provision may be made to short 
or open the meter circuit when it is not being used to measure antenna 
current. Such switching shall be accomplished without interrupting the 
transmission of the station. 

(c) Since it is usually impractical to measure the actual antenna cur- 
rent of a shunt excited antenna system, the current measured at the in- 
put of the excitation circuit feed line is accepted as the antenna current. 

(d) The function of each instrument shall be clearly and perma- 
nently shown on the instrument itself or on the panel immediately ad- 
jacent thereto. 

(e) In the event that any one of these indicating instruments be- 
comes defective when no substitute which conforms with the required 
specifications is available, the station may be operated without the de- 
fective instrument pending its repair or replacement for a period not in 
excess of 60 days without further authority of the Commission: Pro- 
vided, That: 

(1) Appropriate entries shall be made in the maintenance log of the 
station showing the date and time the meter was removed from and 
restored to service. 

(2) If the defective instrument is an antenna base current ammeter 
of a directional antenna system, the indications required to be read and 
logged may be obtained from the antenna monitor pending the return 
to service of the regular meter, provided other parameters are main- 
tained at their normal values. 

(3) If the defective instrument is the antenna current meter of a 
non-directional station which does not employ a remote antenna am- 
meter, or if the defective instrument is the common point meter of a 
station which employs a directional antenna and does not employ a re- 
mote common point meter, the operating power shall be determined by 
the indirect method in accordance with R & R 73.51 (d), (e), and (f) 
during the entire time the station is operated without the antenna cur- 
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rent meter or common point meter. However, if a remote antenna am- 
meter or a remote common point meter is employed and the antenna 
current meter or common point meter becomes defective, the remote 
meter shall be used in determining operating power by the direct method 
pending the return to service of the regular meter. 

(f) If conditions beyond the control of the licensee prevent ihe res- 
toration of the meter to service within the above allowed period, in- 
formation requested in accordance with R & R 1.549 of this chapter 
may be filed with the Engineer in Charge of the radio district in which 
the station is located for such additional time as may be required to 
complete repairs of the defective instrument. 


R & R 73.59 Frequency Tolerance. The operating frequency of 
each station shall be maintained within 20 hertz of the assigned frequency. 


* * * * a * 


R & R 73.67 Remote Control Operation. 


* * * % * e 


(3) A malfunction of any part of the remote control system resulting 
in improper control shall be cause for the immediate cessation of opera- 
tion by remote control. A malfunction of any part of the remote control 
system resulting in inaccurate meter readings, shall be cause for termi- 
nating operation by remote control no longer than 1 hour after the mal- 
function is detected. 


* * * * * * 


R & R 73.93 Operator Requirements. (a) One or more operators 
holding a radio operator license or permit of a grade specified in this 
section shall be in actual charge of the transmitting system, and shall be 
on duty at the transmitter location, or at an authorized remote control 
point, or the position at which extension meters, as authorized pursuant 
to R & R 73.70 of this Subpart are located, The transmitter and required 
monitors and metering equipment, or the required extension meters and 
monitoring equipment and other required metering equipment, or the 
controls and required monitoring and metering equipment in an autho- 
rized remote control operation, shall be readily accessible to the licensed 
operator and located sufficiently close to the normal operating location 
that deviations from normal indications of required instruments can be 
observed from that location. 

(b) With the exceptions set forth in paragraph (f) of this section, 
adjustments of the transmitting system, and inspection, maintenance, re- 
quired equipment performance measurements, and required field strength 
measurements shall be performed only by a first-class radiotelephone op- 
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erator, or, during periods of operation when a first-class radiotelephone 
operator is in charge of the transmitter, by or under the direction of a 
broadcast consultant regularly engaged in the practice of broadcast sta- 
tion engineering. 

(c) A station using a non-directional antenna with a nominal power 
of 10 kW or less may employ persons holding any class of commercial 
radio operator license or permit for routine operation of the transmitting 
system if the station has at least one first-class radiotelephone operator 
readily available at all times. This operator may be in full-time employ- 
ment or, as an alternative, the licensee may contract in writing for the 
services, on a part-time basis, of one or more such operators. Signed 
contracts with part-time operators may be kept in the files of the 
station and must be made available for inspection upon request by an 
authorized representative of the FCC. 

(d) A station using a non-directional antenna during periods of 
operation with an authorized power in excess of 10 kW may employ 
operators holding any class of commercial radio operator license or 
permit for routine operation of the transmitting system if the station has 
in full-time employment at least one first-class radiotelephone operator. 

(ce) A station using a directional antenna system, which is required 
by the station authorization to maintain the ratio of the currents in the 
elements of the system within a tolerance which is less than 5% or the 
relative phases of those currents within a tolerance which is less than 
3° shall, without exemption, employ first-class radiotelephone operators 
who must be on duty and in actual charge of the transmitting system as 
specified in paragraph (a) of this section during hours of operation 
with a directional radiation pattern. A station whose authorization does 
not specifically require therein the maintenance of phase and current 
relationships within closer tolerances than above specified must employ 
first-class radiotelephone operators for routine operation of the trans- 
mitting system during periods of directional operation. However, per- 
sons holding any class of commercial radio operator license or permit 
may be employed for routine operation of the transmitting system, if the 
following conditions are met: 

(1) The station must have in full-time employment at least one first- 
class radiotelephone operator. 

(2) Within 1 year of the date on which the Commission is nornee 
pursuant to R & R 73.93(h), of the designation of a chief operator, the 
station shall complete a partial proof of performance, as defined ‘in 
R & R 73.154, and shall complete subsequent partial proofs of perform- 
ance at least once each 3 years thereafter. A skeleton proof of perform- 
ance, as defined in R & R 73.154, shall be completed during each year 
that a partial proof of performance is not required. Not less than 10, 
nor more than 14 months, shail elapse between the completion dates of 
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successive proofs of performance. The results of such proof, signed and 
dated by the qualified person who made it, shall be kept on file at the 
transmitter or remote control point for a period of three years, and on 
request shall be made available during that time to any duly authorized 
representative of the Federal Communications Commission. 

(3) Field strength measurements shall be made at the monitoring 
points specified in the station authorization at least once each 30 days 
unless more frequent measurements are required by such authorization. 
The results of these measurements shall be entered in the station main- 
tenance log. The licensee shall have readily available, and in proper 
working condition, field strength measuring equipment to perform 
these- measurements. 

(f) Subject to the conditions in paragraphs (c), (d), and (e) of 
this section, operators not holding first-class radiotelephone operator 
licenses may make adjustments only of external controls, as follows: 


(1) Those necessary to turn the transmitter on and off; 

(2) Those necessary to compensate for voltage fluctuations in the pri- 
mary power supply ; 

(3) Those necessary to maintain modulation levels of the transmitter 
within prescribed limits ; 

(4) Those necessary to effect routine changes in operating power 
which are required by the station authorization; 

(5) Those necessary to change between non-directional and direc- 
tional or between differing radiation patterns, provided that such 
changes require only activation of switches and do not involve the 
manual tuning of the transmitter final amplifier or antenna phasor 
equipment. The switching equipment shall be so arranged that the 
failure of any relay in the directional antenna system to activate prop- 
erly will cause the emissions of the station to terminate. 


(g) It is the responsibility of the station licensee to insure that 
each operator is fully instructed in the performance of all the above 
adjustments, as well as in other required duties, such as reading meters 
and making log entries. Printed step-by-step instructions for those 
adjustments which the lesser grade operator is permitted to make, and 
a tabulation or chart of upper and lower limiting values of parameters 
required to be observed and logged, shall be posted at the operating 
position. The emissions of the station shall be terminated immediately 
whenever the transmitting system is observed operating beyond the 
posted parameters, or in any other manner inconsistent with the rules 
or the station authorization, and the above adjustments are ineffective 
in correcting the condition of improper operation, and a first-class 
radiotelephone operator is not present. 

(h) When lesser grade operators are used, in accordance with para- 
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gtaph (d) or (e) of this section, for any period of operation with 
nominal power in excess of 10 kilowatts, or with a directional radiation 
pattern, the station licensee shall designate one first-class radiotelephone 
operator in full-time employment as the chief operator who, together 
with the licensee, shall be responsible for the technical operation of the 
station. The licensee also may designate another first-class radiotelephone 
operator as assistant chief operator, who shall assume all responsibilities 
of the chief operator during periods of his absence. The station licensee 
shall notify the engineer in charge of the radio district in which the sta- 
tion is located of the name(s) and license number(s) of the operator (s) 
so designated. Such notification shall be made within 3 days of the date 
of such designation. A copy of the notification shall be posted with the 
license(s) of the designated operator (s). 

(1) An operator designated as chief operator for one station may 
not be so designated concurrently at any other standard broadcast 
station. 

(2) The station licensee shall vest such authority in, and afford 
such facilities to the chief operator as may be necessary to insure that 
the chief operator’s primary responsibility for the proper technical op- 
eration of the station may be discharged efficiently. 

(3) At such time as the regularly designated chief operator is un- 
available or unable to act as chief operator (e.g., vacations, sickness), 
and an assistant chief operator has not been designated, or, if designated, 
for any reason is unable to assume the duties of the chief operator, the 
licensee shall designate another first-class radiotelephone operator as 
acting chief operator on a temporary basis. Within 3 days of the date 
such action is taken, the engineer in charge of the radio district in which 
the station is located shall be notified by the licensee by letter of the 
name and license number of the acting chief operator, and shall be noti- 
fied by letter, again within 3 days of the date when the regularly desig- 
nated chief operator returns to duty. 

(4) The designated chief operator may serve as a routine duty 
transmitter operator at any station only to che extent that it does not 
interfere with the efficient discharge of his responsibilities as listed 
below. 

(1) The inspection and maintenance of the transmitting system in- 
cluding the antenna system and required monitoring equipment. 

(11) The accuracy and completeness of entries in the maintenance 
log. 

(111) The supervision and instruction of all other station operators 
in the performance of their technical duties. 

(iv) A review of completed operating logs to determine whether 
technical operation of the station has been in accordance with the rules 
and terms of the station authorization. After review, the chief operator 
shall sign the log and indicate the date and time of such review. If the 


Appendix I RuLEs AND REGULATIONS 565 


review of the operating logs indicates technical operation of the station 
is in violation of the rules or terms of the station authorization, he shall 
promptly initiate corrective action. The review of each day’s operating 
log shall be made within 24 hours, except that, if the chief operator is 
not on duty during a given 24 hour period, the logs must be reviewed 
within 2 hours after his next appearance for duty. In any case, the time 
before review shall not exceed 72 hours. 

(i) The operator on duty at the transmitter or remote control 
point, may, at the discretion of the licensee and the chief operator, if 
any, be employed for other duties or for the operation of another 
radio station or stations in accordance with the class of operator’s 
license which he holds and the rules and regulations governing such 
other stations: Provided, however, That such other duties shall not 
interfere with the proper operation of the standard broadcast transmit- 
ting system and keeping of required logs. 

(j) At all standard broadcast stations, a complete inspection of the 
transmitting system and required monitoring equipment in use, shall be 
made by an operator holding a first-class radiotelephone license at least 
once each calendar week. The interval between successive required in- 
spections shall not be less than 5 days. This inspection shall include 
such tests, adjustments, and repairs as may be necessary to insure opera- 
tion in conformance with the provisions of this subpart and the current 
station authorization. 


*K * * * * * 


R & R 73.111 General Requirements Relating to Logs, see R & R 
73.1800 (follows). 


R & R 73.1800 General Requirements Relating to Logs. (a) The 
licensee of each station shall maintain program, operating and main- 
tenance logs as set forth in R & R 73.1810, 73.1820 and 73.1830. Each 
log shall be kept by the station employee or employees (or contract 
operator) competent to do so, having actual knowledge of the facts 
required. The person keeping the log must make entries that accurately 
reflect the operation of the station. In the case of program and operating 
logs, the employee shall sign the appropriate log when starting duty 
and again when going off duty and setting forth the time of each. In 
the case of maintenance logs, the employee shall sign the log upon 
completion of the required maintenance and inspection entries. When 
the employee keeping a program or operating log signs it upon going 
off duty or completing maintenance log entries, that person attests to 
the fact that the log, with any corrections or additions made before it 
was signed, is an accurate representation of what transpired. 

(b) The logs shall be kept in an orderly and legible manner, in 
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suitable form and in such detail that the data required for the particular 
class of station concerned are readily available. Key letters or abbrevia- 
tions may be used if proper meaning or explanation is contained else- 
where in the log. Each sheet shall be numbered and dated. Time entries 
shall be made in local time and shall be indicated as advanced (e.g., 
EDT) or non-advanced time (e.g., EST). 

(c) Any necessary corrections of a manually kept log after it has 
been signed in accordance with (a) above shall be made only by striking 
out the erroneous portion and making a corrective explanation on the 
log or attachment to it. For program logs, such corrections shall be dated 
and signed by the person who kept the log or the program director, or 
the station manager or an officer of the licensee. For operating and 
maintenance logs, such corrections shall be dated and signed by the 
person who kept the log or the station technical supervisor, the station 
manager, or an officer of the licensee. 

(d) No automatically kept log shall be altered in any way after 
entries have been recorded. When automatic logging processes fail or 
malfunction, the log must be kept manually for that period and in 
accordance with the requirements of this Section. 

(e) No log, or portion thereof, shall be erased, obliterated or will- 
fully destroyed during the period in which it is required to be retained. 
(R & R 73.1840, Retention of logs.) 

(f) Entries shall be made in the logs as required by R & R 73.1810, 
73.1820 and 73.1830. Additional information such as that needed for 
administrative or operational purposes may be entered on the logs. Such 
additional information, so entered, shall not be subject to the restrictions 
and limitations in the FCC’s rules on the making of corrections and 
changes in logs and may be physically removed, without otherwise 
altering the log in any way, before making the log a part of an applica- 
tion or available for public inspection. 

(g) The operating log and the maintenance log may be kept in- 
dividually on the same sheet in one common log, at the option of the 
licensee. 

(h) Application forms for licenses and other authorizations require 
that certain operating and program data be supplied. These application — 
forms should be kept in mind in connection with maintenance of 
station program and operating records. 


R&R 73.112 Program Logs, see R & R 73.1810 (follows). 
R & R 73.1810 Program Logs. 


COMMERCIAL STATIONS 


(a) Commercial stations shall keep a program log in accordance 
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with the provisions of R & R 73.1800 for each broadcast day which, in 
this context, means from the station’s sign-on to its sign-off. 

(b) Entries. The following entries shall be made in the program log: 

(1) For each program. (i) An entry identifying the program by 
name or title. 

(ii) Entries which indicate the time each program begins and ends. 
If programs are broadcast during which separately identifiable program 
units of a different type or source are presented, and if the licensee 
wishes to count such units separately, the beginning and ending time for 
the longer program need be entered only once. The program units 
which the licensee wishes to count separately shall then be entered 
underneath the entry for the longer program, with the beginning and 
ending time of each sych unit. 

(iii) An entry classifying each program as to type, using the defini- 
tions given in paragraph (d) (1) of this section. 

(iv) An entry classifying each program as to source, using the 
definitions set forth in paragraph (d) (2) of this section. (For network 
programs, also give name or initials of the network, e.g., ABC, CBS, 
NBC, Mutual.) 

(v) An entry for each program representing a political candidate, 
showing the name and political affiliation of such candidate. 

(2) For commercial matter. (i) An entry identifying: the sponsor (s) 
of the program, the person(s) who paid for the announcement or the 
person(s) who furnished materials or services. The entry shall con- 
stitute a representation that identification was announced on the air as 
required by Section 317 of the Communications Act and R & R 73.1212 
of the FCC’s rules. See paragraph (d) (3) of this section for the defini- 
tion of commercial matter. 

(ii) An entry or entries showing the total duration of commercial 
matter in each hourly time segment (beginning on the hour) or the 
duration of each commercial message (commercial continuity in spon- 
sored programs, or commercial announcements) in each hour. See 
paragraph (d) (3) (iii) of this section concerning computation of com- 
mercial time. 

(3) For public service announcements. An entry showing that a 
public service announcement (PSA) has been broadcast together with 
the name of the organization or interest on whose behalf it is made. See 
paragraph (d) (4) of this section for definition of a public service 
announcement. 

(4) For other announcements. (i) An entry of the time that each 
required station identification announcement is made (pursuant to 
R & R 73.1201). 

(ii) An entry for each announcement presenting a political can- 
didate, showing the name and political affiliation of such candidate. 

(iii) An entry for each announcement made pursuant to the local 
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notice requirements of R & R 1.580 (pregrant), 1.594 (designation 
for hearing) and 73.1202 (licensee obligations), showing the time it 
was broadcast. 

(iv) An entry for each announcement made pursuant to R & R 
73.1208 concerning the broadcast of taped, filmed or recorded material. 

(5) For Emergency Broadcast System Operations. An entry for tests 
of the EBS procedures pursuant to the requirements of Subpart G of this 
part and the appropriate station EBS checklist, unless such entries are 
consistently made in the station operating log. 

(c) National network programming. A station broadcasting the 
programs of a national network which will supply it with all informa- 
tion as to such programs for the composite week need not log such data 
but shall record in its log the time when it joined the network, the 
name of each network program broadcast, the time it leaves the network, 
and any non-network matter broadcast which is required to be logged. 
The information supplied by the network for the composite week which 
the station. will use in its renewal application, shall be retained with the 
program logs and associated with the log pages to which it relates. 

(d) Definitions. (1) Program type. The definitions of the first eight 
types of programs (i) through (viii), below, are intended not to over- 
lap each other and will normally include all the various programs 
broadcast. Definitions (ix) through (xi) are subcategories and the 
programs classified thereunder will also be classified under one of the 
appropriate first eight types. There may also be further duplication 
within types (ix) through (xi) (e.g., a program presenting a candidate 
for public office, prepared by an educational institution, would be classi- 
fied as Public Affairs (PA), Political (POL) and Educational Institu- 
tion (ED). 

(i) Agricultural programs (A) include market reports, farming or 
other information specifically addressed, or primarily of interest to the 
agricultural population. 

(ii) Entertainment programs (E) include all programs intended 
primarily as entertainment, such as music, drama, variety, comedy, quiz, 
etc. 

(ii) News programs (N) include reports dealing with current local, 
national and international events, including weather and stock market 
reports; and commentary, analysis and sports news when an integral part 
of a news program. 

(iv) Public affairs programs (PA) are programs dealing with local, 
state, regional, national or international issues or problems, including, 
but not limited to, talks, commentaries, discussions, speeches, editorials, 
political programs, documentaries, mini-documentaries, panels, round- 
tables, vignettes, and extended coverage (whether live or recorded) of 
public events or proceedings, such as local council meetings, Congres- 
sional hearings and the like. 
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(v) Religious programs (R) include sermons or devotionals; re- 
ligious news; and music, drama and other types of programs designed 
primarily for religious purposes. 

(vi) Instructional programs (1) ate primarily intended to instruct. 
They further the appreciation or understanding of such subjects as 
literature, music, fine arts, history, geography, the natural and social 
sciences, hobbies and occupations and vocations. 

(vii) Sports programs (S) include play-by-play and pre-game or 
post-game related activities and separate programs of sports instruction, 
news or information (e.g., fishing opportunities, golfing instruction, 
etc.). 

(viii) Other programs (O) include all programs not falling within 
definitions (i) through (vii). 

(ix) Editorials (EDIT) include programs presented for the purpose 
of stating opinions of the licensee. 

(x) Political programs (POL) include those which present candi- 
dates for political office or which give expressions (other than in station 
editorials) to views on such candidates or on issues subject to public 
ballot. 

(xi) Educational institution programs (ED) include those prepared 
by, on behalf of, or in cooperation with educational institutions, educa- 
tional organizations, libraries, museums, PTA’s, or similar organizations. 
Sports programs shall not be included. 

(2) Program source. (i) A local program (L) is any program 
originated or produced by the station or for the production of which 
the station is primarily responsible, employing live talent more than 
50% of the time. Such a program, taped, recorded or filmed for later 
broadcast, shall be classified as local. A local program fed to a network 
shall be classified by the originating station as local. Programs primarily 
featuring records, tapes, syndicated or feature film or other non-locally 
recorded programs, shall be classified as recorded (REC) even though a 
station announcer appears in connection with such material. However, 
identifiable units of such programs which are live and separately logged 
as such may be classified as local. For example, if during the course of a 
program featuring records or films, a non-network 2-minute news report 
is given and logged as a news program, the report may be classified as 
local. 

(ii) A network program (NET) is any program furnished to the 
station by a network (national, regional or special). Delayed broadcasts 
of program originated by networks are classified as network. 

(iii) A recorded program (REC) is any program not otherwise de- 
fined in this paragraph including, without limitation, those using record- 
ings, tapes or films. 

(3) Commercial matter (CM) includes commercial continuity (net- 
work and non-network) and commercial announcements (network and 
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non-network) as follows: (Distinction between continuity and an- 
nouncements is made only for definition purposes. There is no need to 
distinguish the two types of commercial matter when logging.) 

(1) Commercial continuity (CC) is the advertising message of a 
program sponsor. | 

(1) A commercial announcement (CA) is any other advertising 
message for which a charge is made, or other consideration is received. 
Included are bonus spots, trade-out spots, promotional announcements 
of a future program where consideration is received for such an an- 
nouncement or where such announcement identifies the sponsor of a 
future program beyond mention of the sponsor’s name as an integral 
part of the title of the program, and promotional announcements broad- 
cast by any AM, FM or TV station for another commonly owned or 
controlled station serving the same community. 

(iii) Computation of commercial time: Duration of commercial 
matter shall be as close an approximation to the time consumed as pos- 
sible. The amount of commercial time scheduled will usually be suffi- 
cient. It is not necessary, for example, to correct an entry of a 1-minute 
commercial to accommodate varying reading speeds even though the 
actual time consumed might be a few seconds more or less than the 
scheduled time. However, it is incumbent upon the licensee to ensure 
that the entry represents as close an approximation of the time actually 
consumed as possible. For certain sponsored programs, it is difficult to 
measure the exact length of what would be considered as commercial 
matter, €.g., some sponsored religious and political programs. For such 
programs, the licensee is not required to compute the amount of com- 
mercial matter, but merely to log and announce the program as 
sponsored. 

This exception does not apply to any program advertising commercial 
products or services, nor to any commercial announcements. 

(4) Public service announcement (PSA) is one for which no charge 
is made and which promotes programs, activities or services of Federal, 
State or local governments (e.g., recruiting, sales of U.S. Savings Bonds, 
etc.) or the programs, activities or services of nonprofit organizations 
(e.g., UGF, Red Cross, Blood Donations, etc.) or any other announce- 
ments regarded as serving community interests. 


NONCOMMERCIAL EDUCATIONAL STATIONS 


(e) A program log for stations licensed or operating as noncom- 
mercial educational stations shall be kept in accordance with the pro- 
visions of R & R 73.1810 for each broadcast day, which in this context 
means from the station’s sign-on to its sign-off. 

(f) Entries. The following entries shall be made in the program log: 

(1) For each program. (i) An entry identifying the program by 
name or title. 
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(ii) Entries which indicate the time each program begins and ends. 
If programs are broadcast during which separately identifiable program 
units of a different type or source are presented, and if the licensee 
wishes to count such units separately, the beginning and ending time 
for the longer program need to be entered only once. The program 
units which the licensee wishes to count separately shall then be entered 
underneath the entry for the longer program with the beginning and 
ending time of each such unit. 

(iii) An entry classifying each program as to source using the defini- 
tions set forth in paragraph (h) (1) of this section. (For network pro- 
grams, also give name or initials of network, e.g., PBS, NPR, etc.) 

(iv) An entry classifying each program as to type, using the defini- 
tions set forth in paragraph (h) (2) of this section. 

(v) An entry for each program presenting a political candidate, 
showing the name and political affiliation of such candidates. 

(2) For donor announcements. An entry giving the name(s) of any 
donor(s) or person(s) furnishing money, service or other valuable 
consideration, in accordance with the provisions of R & R 73.503, 
73.621, including Notes, and 73.1212; and the entry shall constitute a 
representation that identification was announced on the air in accord- 
ance with the provisions of those sections and Section 317 of the 
Communications Act. As an alternative to giving the name, an entry of 
the word “Donor (s)” may be made, provided that the log shall clearly 
indicate that the name of the donor(s) or person(s) is retained in the 
station’s public file. Such information for a given series of programs 
need be entered in the public file only once, provided the information 
is identical for each program in the series. The information shall be re- 
tained in the public file for a period of two years. Program logs sub- 
mitted to the FCC must include a list of the names of donors indicated 
thereon. 

(3) For public service announcements. An entry showing that a 
public service announcement (PSA) has been broadcast, together with 
the name of the organization or interest on whose behalf it is made. See 
paragraph (h) (3) of this section for definition of a public service 
announcement. 

(4) For other announcements. (i) An entry of the time that each re- 
quired station identification announcement is made pursuant to R&R 
Fon 2or. 

(ii) An entry for each announcement presenting a political candi- 
date showing the name and political affiliation of such candidate. 

(iii) An entry for each announcement made pursuant to the local 
notice requirements of R & R 1.580 (pregrant) and R & R tap4 
(designation of hearing), showing the time it was broadcast. 

(iv) An entry for each announcement made pursuant to R & R 
73.1208 concerning the broadcast of taped, filmed or recorded material. 
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(5) For Emergency Broadcast System Operations. An entry for each 
test of the EBS procedures pursuant to the requirements of Subpart G 
of this part and the appropriate station EBS checklist, unless such entries 
are consistently made in the station operating log. 

(g) Network programming. A station broadcasting the programs of 
a network (see “network program,” paragraph (h) (1) (iii) of this 
section) which will supply it with all information as to such programs 
necessary for the “full week of operation” (FCC Form 342) need not 
log such data but shall record in its log the name of each network pro- 
gram broadcast, the time the program was broadcast (beginning and 
ending) and any non-network matter broadcast which is required to be 
logged. The information supplied by the network for the “full week’ 
which the station will use in its renewal application shall be retained 
with the program logs and associated with the log pages to which it 
relates. | 

(h) Definitions. (1) Program source. (i) A local program (L) is 
any program originated or produced by the station or for the production 
of which the station is primarily responsible, employing live talent more 
than 50% of the time. Such a program, taped, filmed or recorded for 
later broadcast, shall be classified as local. A local program fed to the 
network shall be classified by the originating station as local. 

(ii) A record program (REC) (Radio only) is any program not 
falling within the definition of “local’’ above, which utilizes records, 
transcriptions or taped music, with or without commentary by a local 
announcer or other station personnel. 

(iii) A network program (NET) is any program furnished to the 
station by a network (national, regional or special). Delayed broadcasts 
of programs originated by networks are classified as network. 

(iv) Other programs (OTHER) are any programs not defined 
above, including, without limitation, syndicated and feature films, and 
taped or transcribed programs. 

(2) Program type. (i) Instructional (1) includes all programs de- 
signed to be utilized by any level of educational institution in the 
regular instructional program of the institution. In-school, in-service 
for teachers and college credit courses are examples of instructional 
programs. 

(ii) General Educational (GEN) is an educational program for 
which no formal credit is given. 

(ii) Performing Arts (A) is a program in which the performing 
aspect predominates such as drama or concert, opera or dance. 

(iv) News (NS) programs include reports dealing with current 
local, national and international events, including weather and stock 
market reports; and commentary, analysis or sports news when an 
integral part of a news program. 

(v) Public Affairs (PA) includes programs dealing with local, state, 
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regional, national or international issues or problems, including, but 
not limited to, talks, commentaries, discussions, speeches, political pro- 
grams, documentaries, mini-documentaries, panels, roundtables, vi- 
gnettes and extended coverage (whether live or recorded) of public 
events or proceedings such as local council meetings, Congressional 
hearings, and the like. 

(vi) Light Entertainment (LE) includes programs consisting of 
popular music or other light entertainment. 

(vii) Other (O) includes all programs not falling within the defi- 
nitions of Instructional, General Education, Performing Arts, News, 
Public Affairs or Light Entertainment. Sports programs should be re- 
ported.as “Other.” 

(3) Public Service Announcements (PSA) is one which promotes 
programs, activities, or services of Federal, State or local governments 
(e.g., recruiting, sales of U.S. Savings Bonds, etc.) or the programs, 
activities or services of nonprofit organizations (e.g., UGF, Red Cross, 
Blood Donations, etc.), or any other announcement regarded as serving 
community interest. See, however, R & R 73.503(d) and 73.621 (e) 
with respect to the preclusion of announcements promoting the sale of 
a product or service. 


ALL STATIONS, COMMERCIAL AND NONCOMMERCIAL 


(i) Manually kept logs. (1) Entries on a manually kept log may be 
made either at the time of or prior to broadcast. The employee respon- 
sible for keeping the log shall sign the log when starting duty and 
when going off duty and enter the time of each. 

(2) If entries are preprinted prior to broadcast and any deviation 
therefrom occurs in what was actually broadcast, an appropriate correc- 
tion must be made on the log. 

(3) When the employee keeping the log signs the log upon going 
off duty, that person attests to the fact that the log, with any corrections 
or additions made before he signed off, is an accurate representation of 
what was actually broadcast. 

(j) Automatically kept logs. (1) Entries on an automatically kept 
program log may be made by automatic logging instruments with 
sequential language printouts corresponding to manually kept log entries. 

(2) An employee on duty shall be responsible for the automatic 
logging process and the keeping of the log. In the event of failure or 
malfunctioning of the automatic logging process, the person responsible 
for the log shall make the required entries in the log manually. 

(3) The employee responsible shall sign the log, or a separate page 
to be affixed to the log, when starting duty and when going off duty 
and enter the time of each. The signature when going off duty consti- 
tutes a certification that, as to the automatic printout part of the log, 
the employee checked the automatic logging equipment periodically 
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throughout the tour and that to the best of his knowledge and belief, 
at no time during his tour did it fail or malfunction, unless otherwise 
noted above the signature; and that, as to any part of the log which 
was kept manually with any corrections or additions made thereon be- 
fore signing off duty, it was an accurate representation of what was 
actually broadcast. 

(k) Automatic maintenance of logging data. (1) An employee on 
duty shall be responsible for any automatic maintenance of data and the 
keeping of the log. In the event of failure or malfunctioning of the 
said automatic process, the employee responsible for the log shall make 
the required entries in the log manually at that time. 

(2) The employee responsible shall sign, on a separate page to be 
afixed to the logging data, when starting duty and when going off 
duty and enter the time of each. The signature, when going off duty, 
constitutes a certification that the employee periodically checked the 
automatic maintenance of data equipment throughout the tour and to 
the best of his knowledge and belief it did not fail or malfunction, un- 
less otherwise noted above the signature. The signature further certifies 
that any part of the log which was kept manually is an accurate repre- 
sentation of what was actually broadcast. 

(3) The licensee shall extract any required information from auto- 
matically maintained program logging data for days specified by the 
FCC or its duly authorized representative and submit it in written 
form, together with the underlying recording, tape or other means 
employed, within such time as the FCC may specify. 

(1) Information required. The licensee, whether employing manual 
logging, automatic logging, or automatic maintenance of logging data, 
or any combination thereof, must be able to accurately furnish the FCC 
with all information required to be logged. 


R & R 73.113 Operating Logs, see R & R 73.1820 (follows). 


R & R 73.1820 Operating Logs. (a) Entries shall be made in the 
operating log either manually by a properly licensed operator in actual 
charge of the transmitting apparatus, or by automatic devices meeting 
the requirements of paragraph (b) of this section. Indications of operat- 
ing parameters shall be logged prior to any adjustment of the equip- 
ment. Where adjustments are made to restore parameters to their proper 
operating values, the corrected indications shall be logged and accom- 
panied, if any parameter deviation was beyond a prescribed tolerance, 
by a notation describing the nature of the corrective action. Indications 
of all parameters whose values are affected by modulation of the carrier 
shall be read without modulation. The actual time of observation shall 
be included in each log entry. The following information must be 
entered. 
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(1) All stations: (i) Entries of the time the station begins to supply 
power to the antenna and the time it ceases to do so. 

(ii) Entries required by R & R 17.49(a), (b) and (c) of this Chap- 
ter concerning the time the tower lights are turned on and off each day 
if manually controlled, the time the daily check of proper operation of 
the tower lights was made if an automatic alarm system is not used, 
and any observed failure of the lighting system. See R & R 17.47(a) 
for daily tower lighting observation or automatic alarm system require- 
ments. 

(iii) Any entries not specifically required in this section, but required 
by the instrument of authorization or elsewhere in this part. 

(iv) An entry of each test of the Emergency Broadcast System pro- 
cedures pursuant to the requirements of Subpart G of this part and the 
appropriate station EBS checklist, unless such entries are consistently 
made in the station program log. 

(2) AM stations: (i) An entry at the beginning of operations and 
at intervals not exceeding 3 hours, of the following (actual readings 
observed prior to making any adjustments to the equipment and an 
indication of any corrections to restore parameters to normal operating 
values) : 

(A) Operating constants for determining the DC input power to 
the last radio frequency power amplifier stage of the transmitter (plate 
voltage and current or other parameters appropriate for the type of 
amplifier used). 

(B) Antenna current for nondirectional operation or common point 
current for directional operation. 

(ii) The additional entries required by R & R 73.51(c) (2) when 
power is being determined by the indirect method. 

(iii) For stations with directional antennas, the following additional 
indications shall be read and entered in the operating log at the time 
of commencement of operation in each mode and thereafter, at suc- 
cessive intervals not exceeding 3 hours in duration: 

(A) Antenna monitor phase or phase deviation indications. 

(B) Antenna monitor sample currents, current ratios, or ratio devia- — 
tion indications. 

(3) FM stations: (i) For each station licensed for transmitter out- 
put power greater than 10 watts, an entry, at the beginning of opera- 
tion and at intervals not exceeding 3 hours, of the following (actual 
readings observed prior to making any adjustments to the equipment 
and an indication of any corrections made to restore parameters to 
normal operating values) : 

(A) Operating constants for determining the DC input power to 
the last radio frequency power amplifier stage of the transmitter (plate 
voltage and current or other parameters appropriate for the type of 
amplifier used) . 
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(B) RF transmission line meter readings when the transmitter op- 
erating power is determined by the direct method. 

(4) TV stations: (i) An entry at the beginning of operation and at 
intervals not exceeding 3 hours, of the following (actual readings 
observed prior to making any adjustments to the equipment and an indi- 
cation of any corrections to restore parameters to normal operating 
values) : 

(A) Operating constants for determining the DC input power to 
the last radio frequency power amplifier stage of the aural transmitter 
(plate voltage and current or other parameters appropriate for the type 
of amplifier used) if power of the aural transmitter is being determined 
by the indirect method. 

(B) RF transmission line meter readings for visual transmitter, and 
also for the aural transmitter when the aural transmitter Operating power 
is determined by the direct method. 

(C) For remote control operation, the results of observations of 
vertical interval test signal (VIT) transmissions (see R & R 73.676(f) ). 

(b) Automatic devices accurately calibrated and with appropriate 
time, date and circuit functions may be utilized to record the entries in 
the operating log provided: 

(1) The recording devices do not affect the operation of circuits or 
accuracy of indicating instruments of the equipment being recorded; 

(2) The recording devices have an accuracy equivalent to the ac- 
curacy of the indicating instruments; 

(3) The calibration is checked against the original indicators at 
least once each calendar week and the results noted in the maintenance 
log; 

(4) Provision is made to actuate automatically an aural alarm cir- 
cuit located near the operator on duty if any of the automatic log read- 
ings are not within the tolerances or other requirements specified in the 
rules or station license; 

(5) The alarm circuit operates continuously or the devices which 
record each parameter in sequence must read each parameter at least 
once during each 30-minute period: 

(6) The automatic logging equipment is located at the remote con- 
trol point if the transmitter is remotely controlled, or at the transmitter 
location if the transmitter is manually controlled; 

(7) The automatic logging equipment is located in the near vicinity 
of the operator on duty and is inspected periodically during the broad- 
cast day. In the event of failure or malfunctioning of the automatic 
equipment, the employee responsible for the log shall make the re- 
quired entries in the log manually at that time; 

(8) The indicating equipment conforms to the requirements of R& R 
73.1215 (specifications for indicating instruments) except that the 
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scales need not exceed 2 inches in length. Arbitrary scales may not be 
used, 

(c) In preparing the operating log, original data may be recorded 
in rough form and later transcribed into the log. 

(d) If required by AM or FM station operator requirements, each 
completed operating log shall bear a signed notation by the station’s 
designated chief operator of the results of the review of that log, and 
show the date and time of such review. 


R &R 73.115 Retention of Logs, see R & R 17.1840 (follows). 


R & R 73.1840 Retention of Logs. Logs of all stations shall be 
retained by the licensee for a period of 2 years. However, logs involving 
communications incident to a disaster or which include communications 
incident to or involved in an investigation by the FCC and about which 
the licensee has been notified, shall be retained by the licensee until 
specifically authorized in writing by the FCC to destroy them. Logs 
incident to or involved in any claim or complaint of which the licensee 
has notice shall be retained by the licensee until such claim or com- 
plaint has been fully satisfied or until the same has been barred by 
statute limiting the time for filing of suits upon such claims. 


R & R 73.116 Availability of Logs and Records, see R & R 
73.1225 and R & R 73.1850 (follow). 


R & R 73.1225 Station Inspections by FCC. (a) The licensee of 
a broadcast station shall make the station available for inspection by 
representatives of the FCC during the station’s business hours, or at 
any time it is in operation. 

(b) In the course of an inspection or investigation, an FCC repre- 
sentative may require special equipment tests, program tests or opefa- 
tion with nighttime or presunrise facilities during daytime hours 
pursuant to 0.314, Part 1, of the FCC rules. 

(c) The following logs and records shall be made available upon 
request by representatives of the FCC: 

(1) For AM stations: (i) Program, operating and maintenance logs. 

(ii) Equipment performance measurements required by R & R 
73.47. 

(iii) Copy of the most recent antenna resistance or common-point 
impedance measurements submitted to the Commission. 

(iv) Copy of the most recent field strength measurements made to 
establish performance of directional antennas required by R & R 73.151. 

(v) Copy of the partial and skeleton directional antenna proofs of 
performance as directed by R & R 73.154 and made pursuant to the 
following requirements: 
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(A) Section 73.67, Remote control operation. 

(B) Section 73.68, Sampling systems for antenna monitors. 
(C) Section 73.69, Antenna monitors. 

(D) Section 73.93, Operator requirements. 

(vi) Chief operator agreements and contracts with first-class opera- 
tors employed part-time for maintenance duties. 
(2) For FM stations: (i) Program, operating and maintenance logs. 

(ii) Equipment performance measurements required by R & R 
73.254 and R & R 73.554. 

(iit) Chief operator agreements and contracts with first-class opera- 
tors employed part-time for maintenance duties. 

(3) For TV stations: (i) Program, operating and maintenance logs. 


R & R 73.1850 Public Inspection of Program Logs. (a) The sta- 
tion program logs shall be made available for public inspection and 
reproduction at a location convenient and accessible to the residents of 
the community to which the station is licensed. All such requests for 
inspection shall be subject to the procedural requirements in paragraph 
(b) below. Where good cause exists, the licensee may refuse to permit 
such inspection. (See paragraph 64, the Pxblic and Broadcasting Pro- 
cedural Manual.) The licensee shall remain responsible for the safe- 
keeping of the logs when permitting inspections. 

(b) The following procedural requirements apply to requests for 
inspection: 7 

(1) Parties wishing to inspect shall make a prior appointment with 
the licensee and at that time identify themselves by name and address; 
identify the organization they represent, if any; and state the general 
purpose of the examination. 

(2) Inspection of the logs shall take place at the station or at any 
other convenient and accessible location specified by the licensee. At its 
option the licensee may make an exact copy available in lieu of the 
original program logs. 

(3) Copies of logs shall be available provided the inspecting party 
pays the reasonable cost of reproduction. 

(4) An inspecting party shall have a reasonable time to examine the 
program logs. If examination is requested beyond a reasonable time, the 
licensee may condition such further inspection upon the inspecting 
party's willingness to either duplicate such logs at the examiner’s ex- 
pense, or reimburse the licensee for whatever reasonable expense is 
incurred if supervision is deemed necessary. 

(5) No log need be made available for public inspection until 45 
days have elapsed from the day covered by the log in question. 

(6) In cases where the logging system used does not provide for a 
written program log, the licensee shall retain, subject to the above pro- 
visions, either copies of the station’s pre-logs (operating schedules), 
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which have been updated and certified correct, or recordation produced 
by an automatic maintenance of logging data device (i.e., tapes or 
encoded printouts) . See R & R 73.1810 (Program Logs). 


R & R 73.117, see R & R 73.1201 (follows). 


R & R 73.1201 Station Identification. (a) When regularly re- 
guired. Broadcast station identification announcements shall be made: 
(1) At the beginning and ending of each time of operation, and (2) 
hourly, as close to the hour as feasible, at a natural break in program 
offerings. Television broadcast stations may make these announce- 
ments visually or aurally. 

(b) Content. (1) Official station identification shall consist of the 
station’s call letters immediately followed by the community or com- 
munities specified in its license as the station’s location: Provided, That 
the name of the licensee or the station’s frequency or channel number, 
or both, as stated on the station’s license may be inserted between the 
call letters and station location. No other insertion is permissible. 

(2) When given specific written authorization to do so, a station 
may include in its official station identification the name of an addi- 
tional community or communities, but the community to which the 
station is licensed must be named first. 

(3) A licensee shall not in any identification announcements, pro- 
motional announcements or any other broadcast matter either lead or 
attempt to lead the station’s audience to believe that the station has been 
authorized to identify officially with cities other than those permitted 
to be included in official station identifications under subparagraphs 
(1) and (2) of this paragraph. 


Note: Commission interpretations of this paragraph may be found in a 
separate Public Notice issued Oct. 30, 1967, entitled Examples of Application 
of Rule Regarding Broadcast of Statements Regarding a Station’s Licensed Lo- 
cation. (FCC 67-1132; 10 FCC 2d 407). 


(c) Channel—(1) General. Except as otherwise provided in this 
paragraph, in making the identification announcement the call letters 
shall be given only on the channel identified thereby. 

(2) Simultaneous AM-FM broadcasts. If the same licensee operates 
an FM broadcast station and a standard broadcast station and simul- 
taneously broadcasts the same programs over the facilities of both such 
stations, station identification announcements may be made jointly for 
both stations for periods of such simultaneous operation. If the call 
letters of the FM station do not clearly reveal that it is an FM station, 
the joint announcement shall so identify it. 
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(3) Satellite operation. When programming of a broadcast station is 
rebroadcast simultaneously over the facilities of a satellite station, the 
originating station may make identification announcements for the satel- 
lite station for periods of such simultaneous operation. 

(i) In the case of a television broadcast station, such announcements, 
in addition to the information required by paragraph (b) (1) of this 
section, shall include the number of the channel on which each station 
is operating. 

(ii) In the case of aural broadcast stations, such announcements, in 
addition to the information required by paragraph (b) (1) of this sec- 
tion, shall include the frequency on which each station is operating. 


R & R 73.118 Mechanical Reproductions, see R & R 73.1208 
(follows) . 


R & R 73.1208 Broadcast of Taped, Filmed, or Recorded Mate- 
rial. (a) Any taped, filmed, or recorded program material in which time 
is of special significance, or by which an affirmative attempt is made to 
create the impression that it is occurring simultaneously with the broad- 
cast, shall be announced at the beginning as taped, filmed, or recorded. 
The language of the announcement shall be clear and in terms com- 
monly understood by the public. For television stations, the announce- 
ment may be made visually or aurally. 

(b) Taped, filmed, or recorded announcements which are of a com- 
mercial, promotional, or public service nature need not be identified as 
taped, filmed, or recorded. 


R & R 73.119 Sponsorship Identification, see R & R 73.1212 
(follows). 


R & R 73.1212 Sponsorship Identification; List Retention; Re- 
lated Requirements. (a) When a broadcast station transmits any mat- 
ter for which money, service, or other valuable consideration is either 
directly or indirectly paid or promised to, or charged or accepted by 
such station, the station, at the time of the broadcast, shall announce 
(1) that such matter is sponsored, paid for, or furnished, either in 
whole or in part, and (2) by whom or on whose behalf such considera- 
tion was supplied: Provided, however, That “‘service or other valuable 
consideration” shall not include any service or property furnished either 
without or at a nominal charge for use on, or in connection with, a 
broadcast unless it is so furnished in consideration for an identification 
of any person, product, service, trademark, or brand name beyond an 
identification reasonably related to the use of such service or property 
on the broadcast. 
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(e) The announcement required by this section shall, in addition to 
stating the fact that the broadcast matter was sponsored, paid for, or 
furnished, fully and fairly disclose the true identity of the person or 
persons, or corporation, committee, association, or other unincorporated 
group, or other entity by whom or on whose behalf such payment is 
made or promised, or from whom or on whose behalf such services or 
other valuable consideration is received, or by whom the material or 
services referred to in paragraph (d) of this section are furnished. 
Where an agent or other person or entity contracts or otherwise makes 
arrangements with a station on behalf of another, and such fact is known 
or by the exercise of reasonable diligence, as specified in paragraph (b) 
of this section, could be known to the station, the announcement shall 
disclose the identity of the person or persons or entity on whose behalf 
such agent is acting instead of the name of such agent. Where the 
material broadcast is political matter or matter involving the discussion 
of a controversial issue of public importance and a corporation, commit- 
tee, association, or other unincorporated group, or other entity is paying 
for or furnishing the broadcast matter, the station shall, in addition to 
making the announcement required by this section, require that a list of 
the chief executive officers or members of the executive committee or 
of the board of directors of the corporation, committee, association, or 
other unincorporated group, or other entity shall be made available for 
public inspection at the location specified by the licensee under R & R 
1.526 of this Chapter. If the broadcast is originated by a network, the 
list may, instead, be retained at the headquarters office of the network 
or at the location where the originating station maintains its public in- 
spection file under R & R 1.526 of this chapter. Such lists shall be kept 
and made available for a period of two years. 
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R & R 73.252 Frequency Measurements, see R & R 73.1540 
(follows). 


R & R 73.1540 Carrier Frequency Measurements. (a) The carrier 
frequency of each AM and FM station and the visual carrier frequency 
and difference between the visual carrier and the aural carrier or center 
frequency of each TV station shall be measured or determined as often 
as necessary to insure that they are maintained within the prescribed 
tolerances. However, in any event, each station with an authorized 
operating power greater than 10 watts shall make at least one measure- 
ment or determination each calendar month with intervals not exceed- 
ing 40 days between successive measurements for each main transmitter 
in use. 
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(b) The licensee of each broadcast station shall determine the 
method or procedures for measuring or determining the carrier fre- 
quency. 

(c) The primary standard of frequency for radio frequency measure- 
ments is the standard frequency maintained by the National Bureau of 
Standards or the standard signals of Stations WWV, WWVB, WWVH 
and WWVL of the National Bureau of Standards. 
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R & R 73.269 Frequency Tolerance. The center frequency of each 
FM broadcast station shall be maintained within 2000 hertz of the as- 
signed center frequency. 
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R & R 73.310 (a) FM Broadcast Band. The band of frequencies 
extending from 88 to 108 megahertz, which includes those assigned to 
noncommercial educational broadcasting. 

FM Broadcast Station. A station employing frequency modulation 
in the FM broadcast band and licensed primarily for the transmission 
of radiotelephone emissions intended to be received by the general 
public. 
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R & R 73.903 Emergency Broadcast System (EBS). The EBS is 
composed of AM, FM, and TV broadcast stations and non-government 
industry entities operating on a voluntary, organized basis during emer- 
gencies at National, State, or Operational (Local) Area levels. ) 
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R & R 73.905 Emergency Action Notification (EAN). The Emer- 
gency Action Notification (EAN) is the notice to all licensees and reg- 
ulated services of the FCC, participating non-government industry en- 
tities, and to the general public, of the activation of the EBS. The EAN 
is distributed in accordance with R & R 73.931. 
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R & R 73.907 Emergency Action Termination. The Emergency 
Action Termination is the notice to all licensees and regulated services 
of the FCC, participating non-government industry entities and to the 
general public of the termination of the EBS at the National level. This 
termination is distributed in the same manner as the dissemination of 
the EAN at the National level in accordance with R & R 73.931. 
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R & R 73.911 Basic Emergency Broadcast System Plan. The Basic 
EBS Plan contains guidance to all non-government entities for the dis- 
tribution of emergency information and instructions covering a broad 
range of emergency contingencies posing a threat to the safety of life or 
property. 
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R & R 73.914 Primary Station (Primary). A Primary Station 
broadcasts or rebroadcasts a common emergency program for the dura- 
tion of the activation of the EBS at the National, State, or Operational 
(Local) Area level. The EBS transmission of such stations are intended 
for direct public reception as well as inter-station programming. 
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R & R 73.932 Radio Monitoring and Attention Signal Transmis- 
sion Requirements. (a) Monitoring Requirement. To insure effective 
off-the-air signal monitoring (R & R 73.931 (a) (3)) all broadcast sta- 
tion licensees must install and operate, during their hours of broadcast 
operation, equipment capable of receiving the Attention Signal and emer- 
gency programming transmitted by other broadcast stations. This equip- 
ment must be maintained in operative condition, including arrangements 
for human listening watch or automatic alarm devices. This equipment 
must be installed in the broadcast station, either at the transmitter con- 
trol point and/or studio location, in such a way that it enables the broad- 
cast station staff, at normal duty locations, to be alerted instantaneously 
upon the receipt of the Attention Signal and to immediately monitor the 
emergency programming. For situations where broadcast stations are co- 
owned and co-located (e.g., an AM and FM licensed to the same entity 
at the same location) with a combined studio facility, only one receiver 
is required if installed in the combined studio facility. The off-the-air 
signal monitoring assignment of each broadcast station is specified in 
the State EBS Operational Plan. 

(b) Transmission Requirement. All broadcast licensees, except non- 
commercial educational FM Broadcast Stations of 10 watts or less, must 
install, operate, and maintain equipment capable of generating the At- 
tention Signal (R & R 73.906) to modulate the transmitter so that the 
signal may be broadcast to other broadcast stations. This signal is used 
to alert other broadcast stations to the fact that the EBS is being acti- 
vated at the National, State, or local level. It is also used during the 
Weekly Tests involving the transmission and reception of the Attention 
Signal and Test Script in accordance with R & R 73.961 (c). This equip- 
ment must be installed in the broadcast station either at the transmitter 
control point and/or studio location in such a way that it enables the 
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broadcast station staff at normal duty locations to initiate the two-tone 
transmission. For situations where broadcast stations are co-owned and 
co-located (e.g., an AM and FM licensed to the same entity at the same 
location) with a combined studio facility, only one generator is required 
if installed in the combined studio facility. 

(c) The licensee has the responsibility to insure that the equipment 
used for off-the-air signal monitoring and generating the EBS Attention 
Signal is in functioning condition during all times the station is in Op- 
eration, and to determine the cause of any failure to receive the Weekly 
Transmission Tests as described in paragraph (c) of R & R 73.961. 

(d) In the event that the equipment for receiving the Attention Sig- 
nal and emergency programming transmitted by other broadcast stations, 
or the equipment for generating the Attention Signal becomes defective, 
the station may operate without the defective equipment pending its re- 
pair or replacement for a period not in excess of 60 days without fur- 
ther authority of the Commission provided that: 

(1) Appropriate entries shall be made in the station operating or 
program log, indicating reasons why Weekly Test Transmissions were 
not received or conducted and; 

(2) Appropriate entries shall be made in the maintenance log of the 
station showing the date and time the equipment was removed and re- 
stored to service. 

(e) If conditions beyond the control of the licensee prevent the res- 
toration of the defective equipment to service within the above allowed 
period, informal request in accordance with Section 1.549 of this chap- 
ter may be filed with the Engineer in Charge of the radio district in 
which the station is operating for such additional time as may be re- 
quired to complete repairs of the defective equipment. 


R & R 73.933 Emergency Broadcast System Operation During a 
National Level Emergency. (a) An EBS Checklist will be posted at 
normal duty positions where it shall be immediately available to broad- 
cast station personnel responsible for EBS actions. This Checklist sum- 
marizes the procedures to be followed upon receipt of a National level 
Emergency Action Notification or Termination Message in accordance 
with arrangements described in R & R 73.931 (a). 

(b) Immediately upon receipt of an EAN Message all licensees will 
proceed as follows: 

(1) Monitor the radio and TV network facilities for further instruc- 
tions from the network control point. 

(2) Check the Radio Press Wire Service (AP and UPI). Verify the 
authenticity of message with current EBS Authenticator List (Red 
_ Envelope). 

(3) Monitor your EBS monitoring assignment (See State EBS Oper- 
ational Plan) for the receipt of any further instructions. 


Appendix I RuLEs AND REGULATIONS 585 


(4) Discontinue normal programming and follow the transmission 
procedures set forth in the appropriate EBS Checklist. 

(i) Primary CPCS, Originating Primary Relay, Primary Relay, and 
Primary stations follow the transmission procedures and make the an- 
nouncements under the National Level Instructions of the EBS Checklist 
for Participating Stations. 

(ii) Non-participating stations follow the transmission procedures 
and make the announcements under the National Level Instructions of 
the EBS Checklist for Non-Participating Stations. Following the an- 
nouncement, non-participating stations are required to remove their car- 
riers from the air and monitor for the Emergency Action Termination. 

(5) Upon completion of the above transmission procedures: 

(i) Participating stations will begin broadcast of a common emer- 
gency program. All stations shall carry the common emergency program 
until receipt of the Emergency Action Termination Message. Program- 
ming priorities are set forth in R & R 73.922. Feeds will be provided 
by one or more of the following: 

(a2) Common Program Control Stations. 

(6) Radio and Television Broadcast Networks. 

(c) Originating Primary Relay and Primary Relay Stations in the 
State Relay Network. 

(ii) Should it become apparent that the primary CPCS Station or 
Primary Relay Station of an Operational (Local) Area may not be able 
to provide an appropriate emergency program feed, other Primary Sta- 
tions of the area may elect to assume the duties of providing a program 
feed. This should be done in an organized manner as designated in the 
State EBS Operational Plans. 

(6) The Standby Script shall be used until program material is avail- 
able. The text of the Standby Script is contained in the EBS Checklist 
for Participating Stations. 

(7) TV broadcast stations shall display an appropriate EBS slide and 
then transmit all announcements visually and aurally in the manner de- 
scribed in R & R 73.675 (b) of this Part. . 

(8) A Station which broadcasts primarily in a language other than 
English shall broadcast in such foreign language following the broadcast 
in English. : 

(9) Broadcast Stations in the International Broadcast Service will 
cease broadcasting immediately upon receipt of an Emergency Action 
Notification and will maintain radio silence. However, under certain 
conditions they may be issued appropriate emergency authorization by 
the FCC with concurrence of the Director, Office of Telecommunica- 
tions Policy, in which event they will transmit only Federal govern- 
ment broadcasts or communications. The station’s carrier must be re- 
moved from the air during periods of no broadcasts or communications 
transmissions. 
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(10) Stations may broadcast their call letters during an EBS activa- 
tion. State and Operational (Local) Area identifications shall also be 
given. 

(11) All stations operating and identified with a particular Opera- 
tional (Local) Area will broadcast a common emergency program until 
receipt of the Emergency Action Termination. - 

(12) Broadcast stations holding an EBS Authorization are specifically 
exempt from complying with R & R 73.52 (pertaining to maintenance 
of operating power) while operating under this subpart of the rules. 

(c) Upon receipt of an Emergency Action Termination Message all 
stations will follow the termination procedures set forth in the EBS 
Checklists. 

(d) Stations originating emergency communications under this Sec- 
tion shall be deemed to have conferred rebroadcast authority, as required 
by Section 325(a) of the Communications Act of 1934, as amended, 
and R & R 73.1207, on other participating stations. 
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R & R 73.961 Tests of the Emergency Broadcast System Proce- 
dures. Tests of the EBS procedures will be made at regular intervals as 
indicated below. Appropriate entries shall be made consistently in the 
Station operating log or consistently in the station program log on EBS 
Tests received and transmitted by broadcast stations. 

(a) Weekly “500” Net Test Transmissions. Test transmissions of 
the National level interconnection facilities will be conducted on a ran- 
dom basis once each week. The tests will originate on an alternate basis 
from one of two origination points over a dedicated government tele- 
typewriter network to the control points of the Radio and Television 
Broadcast Networks, participating communications common carriers, 
AP and UPI. A dedicated automatic telephone network will be used for 
confirmation purposes between the origination points and AP and UPI. 
These tests will be in accordance with procedures set forth in EBS 
SOP-2 which is furnished to the non-government entities concerned. 

(b) Periodic AP and UPI Test Transmissions. AP and UPI will 
separately conduct test transmissions to AM, FM, and TV broadcast 
stations, on their Radio Wire Teletype Network, a maximum of twice 
a month on a random basis at times of their choice. These tests will be 
conducted in accordance with procedures set forth in EBS SOP-2 which 
is furnished to the non-government entities concerned and the EBS 
Checklist furnished to all broadcast stations. 

(c) Weekly Transmission Tests of the Attention Signal and Test 
Script. Except as provided in paragraph (d) of this Section, these tests 
shall be conducted by all AM, FM, and TV broadcast stations a mini- 
mum of once a week at random days and times between the hours of 
8:30 a.m, and local sunset. These tests will be conducted in accordance 
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with procedures set forth in the EBS Checklist furnished to all broad- 
cast stations. 

(d) Tests of implementing procedures developed at the State and 
local levels may be conducted on a day-to-day basis as indicated in State 
EBS Operational Plans. Coordinated tests of EBS operational proce- 
dures for an entire State or Operational (Local) Area may be conducted 
in lieu of the Weekly Transmission Tests of the Attention Signal and 
Test Script required in paragraph (c) of this section. 

(e) Stations originating emergency communications under this sec- 
tion shall be deemed to have conferred rebroadcast authority, as re- 
quired by Section 325(a) of the Communications Act of 1934, as 
amended, and R & R 73.1207 of this Part. 


PART 74: EXPERIMENTAL, AUXILIARY, AND SPECIAL 
BROADCAST AND OTHER PROGRAM 
DISTRIBUTIONAL SERVICES 


R &R 74.431 Special Rules Applicable to Remote Pickup Stations. 
(a) Remote pickup broadcast mobile stations may be used for the trans- 
mission of material from the scene of events which occur outside a 
studio and for the transmission of cues and orders and other related 
communications which are necessary to accomplish the broadcast. The 
program material transmitted by the remote pickup mobile station shall 
be intended or available for use by the licensee’s associated broadcast 
stations or network affiliated stations. The program material may also 
be transmitted to any other broadcast station. Editing or rearranging of 
the program material to meet the needs of the broadcast station is not 
precluded. 

(b) A remote pickup broadcast mobile station may communicate with 
the broadcasting station or stations with which it is operating and with 
other remote pickup-broadcast stations of its licensee. It may also re- 
lay the transmissions of other remote pickup broadcast stations of its 
licensee. 

x x * * * x 


(1) The output power of the hand-carried or pack-carried transmitter 
shall not exceed 2.5 watts. 


*% * * * % * 


R & R 74.481 Logs and Records. (a) The licensee of a remote 
pickup broadcast station system shall, for each station or system sepa- 
rately licensed, maintain an operating log in which entries shall be made 
in accordance with the following: 

(1) If the instrument of authorization requires painting and lighting 
of an antenna structure, entries required by R & R 17.49 of the Com- 
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mission’s rules and regulations. Such entries shall be made whether or 
not the transmitter is used. 

(2) An entry of frequency measurements made pursuant to R & R 
74.465, 

(3) An entry when service or maintenance is performed on any trans- 
mitter, if such service or maintenance could affect proper operation. The 
entry shall include a description of the work performed, the date and 
the signature and license serial number of the operator performing the 
service or maintenance duties or under whose supervision such duties 
have been performed. 

(4) Entries as specifically requested by the Commission. 

(b) Entries in the operating log shall be made by a person having 
knowledge of the facts entered. That person shall sign and date the log 
but the licensee shall not, thereby, be relieved of its responsibility to 
maintain complete and accurate logs and records. 

(c) No provision of this section shall be construed as prohibiting the 
recording or other automatic maintenance of data required for the sta- 
tion or system log. However, where such automatic logging is used, the 
licensee shall comply with the following requirements: 

(1) The licensee, when employing automatic logging must be able 
to accurately furnish the Commission with all information required to 
be logged. 

(2) Each recording shall bear a statement, signed and dated by the 
licensee or a duly authorized agent of the licensee, attesting to the ac- 
curacy and completeness of the recorded information. Any information 
required to be logged which cannot be incorporated in the automatic 
process shall be similarly authenticated. 

(3) The licensee shall extract any required information from the re- 
cording as requested by the Commission or its duly authorized repre- 
sentative and submit it in written log form. 

(d) The licensee of a remote pickup broadcast system shall maintain 
a record of unit designators and the stations to which each designator 
has been assigned. 

(e) Licensees in Alaska, Guam, Hawaii, Puerto Rico, or the Virgin 
Islands, operating remote pickup broadcast base stations unattended pur- 
suant to R & R 74.432(c) (6), shall maintain an operating log for each 
circuit in which such stations are operated. The operating log shall iden- 
tify the station(s) being operated unattended, indicate the time and date 
of the beginning and end of each period of operation, identify the de- 
signed person on duty at the receiving end of the circuits and include 
notations, as appropriate, pertaining to operation of the station or sta- 
tions included in the circuit. 

(f) Remote pickup broadcast station or system logs and records may 
be kept at any location convenient to the licensee: Provided, Such log 
and records shall be readily available for inspection by a duly authorized 
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representative of the Commission upon request. Logs and records shall 
be retained for a period of two years. 


* * * * * * 


R & R 74.501 Classes of Stations. (a) Aural broadcast STL station. A 
fixed station utilizing telephony for the transmission of aural program 
material between a studio and the transmitter of a broadcasting station 
other than an international broadcasting station, for simultaneous or de- 
layed broadcast. 

(b) Aural broadcast intercity relay station. A fixed station utilizing 
telephony for the transmission of aural program material between broad- 
casting stations other than international broadcasting stations, for simul- 
taneous or delayed broadcast. 


as * * * * * 


R & R 74.536 Directional Antenna Required. Each aural broad- 
cast STL and intercity relay station is required to employ a directional 
antenna. Considering 1 kilowatt of radiated power as a standard for 
comparative purposes, such antenna shall provide a free space field in- 
tensity at 1 mile of not less than 435 mV/m in the main lobe of radia- 
tion toward the receiver and not more than 20 percent of the maximum 
value in any azimuth 30 degrees or more off the line to the receiver. 
Where more than one antenna is authorized for use with a single station, 
the radiation pattern of each shall be in accordance with the foregoing 
requirement. 


* * x * * * 


R & R 74.561 Frequency Tolerance. The licensee of each aural broad- 
cast STL and intercity relay station shall maintain the operating fre- 
quency of the station within plus or minus 0.005 percent of the assigned 
frequency. 


PART 81: STATIONS ON LAND 
IN THE MARITIME SERVICES 


R & R 81.179 Message Charges. (a)(1) No charge shall be made for 
the service of any public coast station unless effective tariffs applicable to 
such service are on file with the Commission, pursuant to the require- 
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ments of Section 203 of the Communications Act and Part 61 of this 
chapter. 

(2) Nocharge shall be made for the service of any station subject to 
this part, other than a public coast or Alaska public fixed station, except 
as provided by and in accordance with R & R 81.352. 

(b) No charge shall be made by any station in the maritime mobile 
service of the United States for the transmission of distress messages and 
replies thereto in connection with situations involving the safety of life 
and property at sea. 

(c) No charge shall be made by any station in the maritime mobile 
service of the United States for the transmission receipt or relay of the 
information concerning dangers to navigation designated in R & R 83.303 
(b) of this chapter, originating on a ship of the United States or of a 
foreign country. 


* te * a a * 


R & R 81.302 Points of Communication. (a) Subject to the condi- 
tions and limitations imposed by the terms of the particular coast station 
license or by the applicable provisions of this part with respect to the use 
of particular radio channels, public coast stations using telephony are au- 
thorized to communicate: 

(1) With any ship station or aircraft station operating in the maritime 
mobile service for the transmission or reception of safety communication; 

(2) With any land station for the purpose of facilitating the transmis- 
sion or reception of safety communication to or from a ship or aircraft 
station; 


PART 83: STATIONS ON SHIPBOARD 
IN THE MARITIME SERVICES 


R & R 83.6 Operational. 
* * a5 * me * 


(c) Harmful interference. Any emission, radiation, or induction which 
endangers the functioning of a radionavigation service or of other safety 
services, or seriously degrades, obstructs, or repeatedly interrupts a radio- 
communication service operating in accordance with regulations in this 
chapter. 
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(f) Calling. Transmissions from a station solely to secure the atten- 
tion of another station, or other stations, for a particular purpose. 

(g) Working. Radiocommunication carried on, for a purpose other 
than calling, by any station or stations using telegraphy, telephony, or 
facsimile. : 


* ss * * * * 


R & R 83.162 Adjustment of Transmitting Apparatus. Notwith- 
standing any other provisions of this subpart (except R & R 83.164 
(a) (2) and (b), which has specific applicability to ship radar stations, 
and to survival craft stations), all adjustments of radio transmitting ap- 
paratus in any station subject to this part during or coincident with the 
installation, servicing, or maintenance of such apparatus which may affect 
the proper operation of such station, must be performed by or under the 
immediate supervision and responsibility of a person holding a first- or 
second-class operator license or a temporary limited radiotelegraph op- 
erator license, who shall be responsible for the proper functioning of 
the station equipment: Provided, however, That only persons holding 
a radiotelegraph first- or second-class operator license or a temporary 
limited radiotelegraph operator license, shall perform such functions at 
radiotelegraph stations transmitting by any type of the Morse code. 


* * * a a * 
R & R 83.164 Waivers of Operator License. 


a * ae a * * 


(b) For ship radar. (1) No radio operator license is required for the 
operation on board ship, during the course of the normal rendition of 
service, of ship radar stations: Provided, That the following conditions 
are met or provided for by the licensee of the station: 

(i) The radar equipment shall employ as its frequency determining 
element a nontunable, pulse type magnetron except that other fixed 
tuned devices shall be used in the band 14.0 to 14.05 GHz. 

(ii) The radar equipment shall be capable of being operated during 
the course of normal rendition of service in accordance with the radio 
law and the rules and regulations of the Commission by means of ex- 
clusively external controls; 

(2) All adjustments or tests during or coincident with the installa- 
tion, servicing, or maintenance of the equipment must be performed by 
or under the immediate supervision and responsibility of a person hold- 
ing a temporary limited radiotelegraph operator license or a first- or 
second-class commercial radio operator license, radiotelephone or radio- 
telegraph, containing a ship-radar endorsement, who shall be responsible 
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for the proper functioning of the equipment in accordance with the 
radio law and the Commission’s rules and regulations and for the avoid- 
ance and prevention of harmful interference from improper transmitter 
external effects: Provided, however, That nothing in this subparagraph 
shall be construed to prevent persons not holding such licenses, or not 
holding such licenses so endorsed, from making replacement of fuses or 
of receiving-type tubes. 

(b) No radio operator authorization is required for the operation of 
a survival craft station or an emergency position indicating radiobeacon 
station while it is being used solely for survival purposes or to facilitate 
search and rescue operations. 

(c) No radio operator license is required for the operation of an on- 
board station : Provided, That the limitations set forth in R & R 83.160(a) 
(1) and (2) shall apply. 

(d) No person is required to be in attendance at the repeater of an 
on-board station when transmitting during the normal rendition of 
service. 

R & R 83.165 Posting of Operator Authorization. (a) Except as 
provided in paragraph (b) of this section, when an operator is required 
for the operation of a station subject to this part, the original authoriza- 
tion of each such operator while he is employed or designated as radio 
operator of the station shall be posted in a conspicuous place at the prin- 
cipal location on board ship at which the station is operated. 

(b) An operator who holds a Restricted Radiotelephone Operator 
Permit or a valid license verification card (FCC Form 758-F) attesting 
to the existence of a commercial radio operator license of the diploma 
type, may, in lieu of posting, have such permit or verification card in 
his personal possession immediately available for inspection upon re- 
quest by a Commission representative when operating the following: 

(1) A station which is not required to be installed on the vessel by 
reason of statute or treaty to which the United States is a party; 

(2) Any class of ship station when the operator is on board solely 
for the purpose of servicing the radio equipment; 

(3) A station of a portable nature. 


* % * % & % 


R & R 83.184 Maintenance of Station Log. (a) Each station on 
board ship subject to this part which is required, under the provisions 
of this part pertaining to the particular class of station, to keep a 
radio station log, shall in addition, comply with the applicable pro- 
visions of paragraphs (b) and (c) of this section; the station licensee 
and the licensed radio operator (when a licensed radio operator is 
required) in charge of the station shall be responsible for compliance 
with this section. 


Appendix I RuLEs AND REGULATIONS 593 


(b) The log shall be kept in an orderly manner, in useable form, 
and in such detail that the information required for the particular 
class of station concerned is readily available. Key letters or abbrevia- 
tions may be used if their proper meaning or explanation is contained 
elsewhere in the same log. 

(c) The station log or any portion thereof shall not be erased, 
obliterated, or wilfully destroyed within the period of retention re- 
quired by R & R 83.115. However, during this period any necessary cor- 
rection may be made of such but only by the person originating the entry 
and that person shall strike out the erroneous portion, initial the correc- 
tion made, and indicate the date of correction. 


R & R 83.234 Distress Signals. (a) The international radiotelegraph 
distress signal consists of the group “three dots, three dashes, three dots” 


Clea ates os ), symbolized herein by SOS, transmitted as a single 
signal in which the dashes are slightly prolonged so as to be distinguished 
clearly from the dots. 

(b) The international radiotelephone distress signal consists of the 
word MAYDAY, pronounced as the French expression “m/’aider.” 

(c) These distress signals indicate that a mobile station is threatened 
by grave and imminent danger and requests immediate assistance. 


R & R 83.235 Distress Calls. (a) The distress call sent by radio- 
telegraphy consists of: 

(1) The distress signal SOS, sent three times ; 

(2) The word DE; 

(3) The call sign of the mobile station in distress, sent three times. 

(b) The distress call sent by radiotelephony consists of: 

(1) The distress signal MAYDAY spoken three times; 

(2) The words THIS IS; 

(3) The call sign (or name, if no call sign assigned) of the mobile 
station in distress, spoken three times. 

(c) The distress call shall have absolute priority over all other 
transmissions. All stations which hear it shall immediately cease any 
transmission capable of interfering with the distress traffic and shall 
continue to listen on the frequency used for the emission of the dis- 
tress call. This call shall not be addressed to a particular station and 
acknowledgment of receipt shall not be given before the distress mes- 
sage which follows it is sent. 
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R & R 83.236 Distress Messages, (a) The radiotelegraph distress 
message consists of: 

(1) The distress signal SOS; 

(2) The name of the mobile station in distress; 

(3) Particulars of its position; 

(4) The nature of the distress; 

(5) The kind of assistance desired; 

(6) Any other information which might facilitate rescue. 

(b) The radiotelephone distress message consists of: 

(1) The distress signal MAYDAY; 

(2) The name of the mobile station in distress; 

(3) Particulars of its position; 

(4) The nature of the distress; 

(5) The kind of assistance desired; 

(6) Any other information which might facilitate rescue (for ex- 
ample, the length, color, and type of vessel; number of persons on 
board, etc.) 

(c) As a general rule, a ship shall signal its position in latitude 
and longitude (Greenwich), using figures for the degrees and minutes, 
together with one of the words NORTH or SOUTH and one of the 
words EAST or WEST. In radiotelegraphy, the signal . — . — . — 
shall be used to separate the degrees from the minutes. When practica- 
ble, the true bearing and distance in nautical miles from a known geo- 
graphical position may be given. 


* * % * % % 


R & R 83.238 Radiotelephone Distress Call and Message Transmis- 
sion Procedure. (a) The radiotelephone distress procedure shall consist of: 

(1) The radiotelephone alarm signal (whenever possible); 

(2) The distress call 

(3) The distress message 

(b) The radiotelephone distress transmissions shall be made slowly and 
distinctly, each word being clearly pronounced to facilitate transcription. 

(c) After the transmission by radiotelephony of its distress message, 
the mobile station may be requested to transmit suitable signals followed 
by its call sign or name, to permit direction-finding stations to determine 
its position. This request may be repeated at frequent intervals if nec- 
essary. 

(d) The distress message, preceded by the distress call, shall be re- 
peated at intervals until an answer is received. This repetition shall be 
preceded by the radiotelephone alarm signal whenever possible. 
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(¢) When the mobile station in distress receives no answer to a distress 
message transmitted on the distress frequency, the message may be re- 
peated on any other available frequency on which attention might be at- 
tracted. 


R & R 83.239 Acknowledgment of Receipt of Distress Message. (a) 
Stations of the maritime mobile service which receive a distress message 
from a mobile station which is, beyond any possible doubt, in their vi- 
cinity, shall immediately acknowledge receipt. However, in areas where 
reliable communication with one or more coast stations are practicable, 
ship stations may defer this acknowledgment for a short interval so that 
a coast station may acknowledge receipt. 

(b) Stations of the maritime mobile service which receive a distress 
message from a mobile station which, beyond any possible doubt, is not 
in their vicinity, shall allow a short interval of time to elapse before ac- 
knowledging receipt of the message, in order to permit stations nearer to 
the mobile station in distress to acknowledge receipt without interference. 


R & R 83.240 Form of Acknowledgment. (a) The acknowledgment 
of receipt of a distress message is transmitted, when radiotelegraphy is 
used, in the following form: 

(1) The call sign of the station sending the distress message, sent three 
times; 

(2) The word DE; 

(3) The call sign of the station acknowledging receipt, sent three 
times; 

(4) The group RRR; 

(5) The distress signal SOS. 

(b) The acknowledgment of receipt of a distress message is trans- 
mitted, when radiotelephony is used, in the following form: 

(1) The call sign or other identification of the station sending the 
distress message, spoken three times; 

(2) The words THIS IS; 

(3) The call sign or other identification of the station acknowledging 
receipt, spoken three times; 

(4) The word RECEIVED; 

(5) The distress signal MAYDAY. 


R & R 83.241 Information Furnished by Acknowledging Station. (a) 
Every mobile station which acknowledges receipt of a distress message 
shall, on the order of the master or person responsible for the ship, air- 
craft, or other vehicle carrying such mobile station, transmit as soon as 
possible the following information in the order shown: 

(1) Its name; 
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(2) Its position, in the form prescribed in R & R 83.236(c);_ 

(3) The speed at which it is proceeding towards, and the approximate 
time it will take to reach, the mobile station in distress. 

(b) Before sending this message, the station shall ensure that it will 
not interfere with the emissions of other stations better situated to render 
immediate assistance to the station in distress. 


R & R 83.242 Transmission of Distress Message By a Station Not 
Itself in Distress. (a) A mobile station or a land station which learns that 
a mobile station is in distress shall transmit a distress message in any of 
the following cases: 

(1) When the station in distress is not itself in a position to transmit 
the distress message; 

(2) When the master or person responsible for the ship, aircraft, or 
other vehicle not in distress, or the person responsible for the land station, 
considers that further help is necessary; | 

(3) When, although not in a position to render assistance, it has heard 
a distress message which has not been acknowledged. When a mobile 
station transmits a distress message under these conditions, it shall take 
all necessary steps to notify the authorities who may be able to render 
assistance. 

(b) The transmission of a distress message under the conditions pre- 
scribed in paragraph (a) of this section shall be made on either or both 
of the international distress frequencies (500 kHz radiotelegraph; 2182 
kHz radiotelephone) or on any other available frequency on which at- 
tention might be attracted. 

(c) The transmission of the distress message shall always be preceded 
by the call indicated below, which shall itself be preceded whenever pos- 
sible by the radiotelegraph or radiotelephone alarm signal. This call 
consists of: 

(1) When radiotelegraphy is used: 


(ii) The word DE. 

(iii) The call sign of the transmitting station, sent three times; 

(2) When radiotelephony is used: 

(i) The signal MAYDAY RELAY, spoken three times; 

(ii) The words THIS IS; 

(iii) The call sign or other identification of the transmitting station, 
spoken three times. 

(d) When the radiotelegraph alarm signal is used, an interval of two 
minutes shall be allowed, whenever this is considered necessary, before 
the transmission of the call mentioned in subparagraph (c)(1) of this 
section. 
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R & R 83.243. Control of Distress Traffic. (a) Distress traffic con- 
sists of all messages relating to the immediate assistance required by the 
mobile station in distress. In distress traffic, the distress signal shall be 
sent before the call and at the beginning of the preamble of any 
radiotelegram. 

(b) The control of distress traffic is the responsibility of the mobile 
station in distress or of the station which, pursuant to R & R 83.242(a), 
has sent the distress message. These stations may, however, delegate the 
control of the distress traffic to another station... . 


* * * * * bd 


R & R 83.247 Urgency Signals. (a) The urgency signal indicates 
that the calling station has a very urgent message to transmit concern- 
ing the safety of a ship, aircraft, or other vehicle, or the safety of a 
person. The urgency signal shall be sent only on the authority of the 
master or person responsible for the mobile station. 

(b) In radiotelegraphy, the urgency signal consists of three repeti- 
tions of the group XXX, sent with the individual letters of each group, 
and the successive groups clearly separated from each other. It shall 
be transmitted before the call. 

(c) In radiotelephony, the urgency signal consists of the word PAN, 
spoken three times and transmitted before the call. 

(d) The urgency signal shall have priority over all other communi- 
cations, except distress. All mobile and land stations which hear it shall 
take care not to interfere with the transmission of the message which 
follows the urgency signal. 


* * * * * * 


R & R 83.248 Urgency Message. (a) The urgency signal and 
call, and the message following it, shall be sent on one of the inter- 
national distress frequencies (500 kHz radiotelegraph; 2182 kHz 
radiotelephone), or on the national distress frequency (156.800 MHz 
radiotelephone). However, stations which cannot transmit on a dis- 
tress frequency may use any other available frequency on which 
attention might be attracted. 

(b) Mobile stations which hear the urgency signal shall continue to 
listen for at least 3 minutes. At the end of this period, if no urgency 
message has been heard, they may resume their normal service. How- 
ever, land and mobile stations which are in communication on fre- 
quencies other than those used for the transmission of the urgency 
signal and of the call which follows it may continue their normal work 
without interruption provided the urgency message is not addressed “‘to 
all stations’’ (CQ). 

(c) When the urgency signal has been sent before transmitting a 


598 Radio Operator's License Q and A 


message “‘to all stations’ (CQ) and which calls for action by the sta- 
tions receiving the message, the station responsible for its transmission 
shall cancel it as soon as it knows that action is no longer necessary. 
This message of cancellation shall likewise be addressed ‘‘to all stations’ 


(CQ). 


R & R 83.249 Safety Signals. (a) The safety signal indicates that the 
station is about to transmit a message concerning the safety of navigation 
or giving important meteorological warnings. 

(b) In radiotelegraphy, the safety signal consists of three repetitions of 
the group TTT, sent with the individual letters of each group, and the 
successive groups clearly separated from each other. It shall be sent be- 
fore the call. 3 | 

(c) In radiotelephony, the safety signal consists of the word SECU- 
RITY, spoken three times and transmitted before the call. 

(d) The safety signal and call shall be sent on one of the inter- 
national distress frequencies (500 kHz radiotelegraph; 2182 kHz 
radiotelephone), or on the national distress frequency (156.800 MHz 
radiotelephone). However, stations which cannot transmit on a dis- 
tress frequency may use any other available frequency on which atten- 
tion might be attracted. 


R & R 83.352 Frequencies for Use in Distress. (a) The frequency 
2182 kHz is the international distress frequency for radiotelephony. It 
shall be used for this purpose by ship, aircraft, and survival craft 
stations operating in the authorized bands between 1605 and 4000 kHz 
when requesting assistance from the maritime services. The frequency 
156.8 MHz is the international distress, safety and calling frequency 
for radiotelephony for stations of the maritime mobile service when 
using frequencies in the authorized bands between 156 and 174 MHz. 


R & R 83.353 Frequencies for Calling. The frequency 2182 kHz 
is the international general calling frequency for radiotelephony; it may 
be used for this purpose by ship and aircraft stations operating in the 
maritime mobile service in the bands between 1605 and 4000 kHz. The 
frequency 156.8 MHz is the international distress, safety and calling 
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frequency for radiotelephony for stations of the maritime mobile 
service when using frequencies in the authorized bands between 156 
and 174 MHz. In addition, these frequencies may be used for trans- 
mission of: 

(a) The international urgency signal, and very urgent messages 
(preceded by this signal) concerning the safety of a ship, aircraft, or 
other vehicle, or the safety of some person on board or within sight of 
such ship, aircraft, or vehicle. 

(b) The international safety signal, and messages (preceded by this 
signal) concerning the safety of navigation or giving important mete- 
orological warnings; however, safety messages shall be transmitted, 
when practicable, on a working frequency after a preliminary announce- 
ment on 2182 kHz. 

(c) Brief radio operating signals. 

(d) Brief test signals in accordance with the provisions of R & R 
83.365, as may be necessary to determine whether the radio transmitting 
equipment of the station is in good working condition on this frequency. 


R & R 83.365 Procedure in Testing. (a) Ship stations must use every 
precaution to. insure that, when conducting operational transmitter tests, 
the emissions of the station will not cause harmful interference. Radia- 
tion must be reduced to the lowest practicable value and if feasible shall 
be entirely suppressed. When radiation is necessary or unavoidable, the 
testing procedure described below shall be followed: 

(1) The licensed radio operator or other person responsible for opera- 
tion of the transmitting apparatus shall ascertain by careful listening that 
the test emissions will not be likely to interfere with transmissions in 
progress; if they are likely to interfere with the working of a coast or 
aeronautical station in the vicinity of the ship station, the consent of the 
former station(s) must be obtained before the test emissions occur... 


R & R 83.366 General Radiotelephone Operating Procedure. (a) 
Calling coast stations. (1) Use by ship stations of the frequency 2182 
kHz for calling coast stations, and for replying to calls from coast 
stations, is authorized; however, whenever practicable such calls and 
replies shall be made on the appropriate ship-shore working frequency. 

(2) Use by ship stations and marine utility stations on board ship of 
the frequency 156.8 MHz for calling coast stations and marine utility 


600 Radio Operator's License Q and A 


stations on shore, and for replying to calls from such stations, is autho- 
rized ; however, whenever practicable such calls and replies shall be made 
on the appropriate ship-shore working frequency. 

(b) Calling ship stations. (1) Except when other operating pro- 
cedure is used to expedite safety communication, ship stations, before 
transmitting on the intership working frequencies 2003, 2142, 2638, 
2738, or 2830 kHz, shall first establish communication with other ship 
stations by call and reply on 2182 kHz: Provided, That calls may be 
initiated on an intership working frequency when it is known that the 
called vessel maintains a simultaneous watch on such working frequency 
and on 2182 kHz. 

(2) Except when other operating procedure is used to expedite safety 
communication, the frequency 156.8 MHz shall be used for call and 
reply by ship stations and marine utility stations on board ship before 
establishing communication on either of the intership working fre- 
quencies 136.3 or 156.4 MHz. 

(c) Change to working frequency. After etablishing communication 
with another station by call and reply on 2182 kHz or 156.8 MHz, sta- 
tions on board ship shall change to an authorized working frequency 
for the transmission of messages which, under the provisions of this 
sub-part, cannot be transmitted on the respective calling frequencies. 

(d) Authorized use of 2003, 2142, 2638, 2738, and 2830 kHz. The 
intership working frequencies 2003, 2142, 2638, 2738, and 2830 kHz 
shall be used for transmissions by ship stations in accordance with the 
provisions of R & R 83.176, 83.177, and 83.358. 

(e) Simplex operation only. All transmission on 2003, 2142, 2638, 
2738, and 2830 kHz by two or more stations, engaged in any one 
exchange of signals or communications, shall take place on only one 
of these frequencies, i.e., the stations involved shall transmit and re- 
ceive on the same frequency: Provided, That this requirement is waived 
in the event of emergency when by reason of interference or limitation 
of equipment, single-frequency operation cannot be used. 


* % % a * bs 


(g) Limitation on duration of working. Any one exchange of com- 
munications between any two ship stations on 2003, 2142, 2638, 2738, 
or 2830 kHz, or between a ship station and a limited coast station on 
2738 or 2830 kHz shall not exceed 3 minutes in duration after the two 
stations have established contact by calling and answering. Subsequent 
to such exchange of communications, the same two stations shall not 
again use 2003, 2142, 2638, 2738, or 2830 kHz for communication 
with each other until 10 minutes have elapsed: Provided, That this pro- 
vision shall in no way limit or delay the transmission of communications 
concerning the safety of life or property. 
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(h) Transmission limitation on 2182 kHz and 156.8 MHz. Except 
in cases of distress, urgency, or safety, any one exchange of communica- 
tions on 2182 kHz and 156.8 MHz shall be kept to a minimum and 
shall not exceed one minute. 

(i) Limitation on commercial communication. On frequencies in the 
band 156-162 MHz, the exchange of commericial communication shall 
be limited to the minimum practicable transmission time. In the conduct 
of ship-shore communication, other than distress, stations on board 
ship shall comply with instructions given by the limited coast station 
Or marine utility station on shore with which they are communicating, 
in all matters relative to operating practices and procedures and to the 
suspension of transmission in order to minimize interference. 

(j) 2182 kHz silence periods. Transmission by ship or survival 
craft stations, is prohibited on any frequency (including 2182 kHz) 
within the band 2173.5 to 2190.5 kHz during each 2182 kHz silence 
period, i.e., for three minutes twice each hour beginning at  h:00 
and & h:30, Greenwich mean time: Provided, however, That this pro- 
vision is not applicable to the transmission of distress, urgency and 
vital navigational warning, or to messages preceded by one of these 
signals. 

* * * * * * 


R & R 83.403 Radiodetermination by Cable-Repair Ship. Provided 
radio transmitting equipment attached to a cable-marker buoy has been 
adequately described in an application for ship radio station license for 
a cable repair ship with which the buoy is associated, and provided fur- 
ther that such equipment is authorized in the related ship station license, 
that equipment may be operated (outside the territorial waters of a foreign 
country) on such radio channels within the band 285-325 kHz (285- 
315 kHz only in Region 1) as may be expressly authorized in each case 
by the Commission under authority of the ship station license, with Al or 
A2 emission and a maximum plate input power of 30 watts: Provided, 
That interference shall not be caused by such operation to any maritime 
radionavigation service. The call signals that must be used for a trans- 
mitter operating under the provisions of this section shall be the regularly 
assigned call of the ship station with which the buoy is associated, to be 
followed by the letters “BT,” and the identifying number of the buoy. 
The buoy transmitter shall be continuously monitored by a licensed radio- 
telegraph operator on board the associated cable-repair ship. Should a fre- 
quency deviation in excess of the authorized frequency tolerance, or in- 
terference to the service of any other station, be reported or observed, the 
radiation of the transmitter shall be suspended until the excessive devia- 
tion is eliminated or until the transmitter can be operated without causing 
interference. 
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R & R 83.404 Assignable Frequencies Above 2400 MHz. (a) 
The following frequency bands, when designated in the station license, 
are authorized for use by ship radionavigation stations (including ship 
radar stations) : 

2900 to 3100 MHz 
5460 to 5650 MHz 
9300 to 9500 MHz 
14.0 to 14.05 GHz 


The use of the band 5460 to 5650 MHz is limited to shipborne radar. 
(b) The following frequency bands, when designated in the station 
license, are authorized for use by ship radiolocation stations: 
(1) 2450 to 2500 MHz on condition that harmful interference shall 
not be caused to the fixed and mobile services, and on the condition 
that no protection shall be given from interference caused by emission 
from industrial, scientific, or medical equipment ; 
(2) 
2900 to 3100 MHz 
5460 to 5650 MHz 
9300 to 9500 MHz 


The use of frequencies within these bands for radiolocation shall not cause 
harmful interference to the radionavigation service and to the Govern- 
ment radiolocation service. 


R & R 83.405 Special Provisions Applicable to Ship-Radar Stations. 
(a) A ship-radar station may be operated under an interim ship station 
license. The use and operation of a radar station on board ship under the 
authority conferred by an interim ship station license shall be subject to 
and in accordance with all applicable rules of the Commission. 

(b) Each ship-radar station installation, the manufacture of which was 
completed on or after 1947, shall be furnished with a durable name plate 
with the manufacturer’s name, transmitter model number, and month 
and year of completion of manufacture permanently inscribed thereon. 
Such name plate shall be affixed to the indicator housing at the principal 
radar operating position or to some other component of the radar installa- 
tion which is readily accessible for inspection. 

(c) Each ship-radar station license issued shall be subject to the condi- 
tion that the station licensee, in relation to the proper operation of the 
station in accordance with the radio law, and rules and regulations of the 
Commission, will be represented on board the radar-equipped vessel by 
the person who at any given time occupies the position of master. 

(d) The following provisions shall apply to ship-radar stations: 

(1) The station licensee of each ship-radar station shall provide and 
require to be kept at the station a permanent installation and maintenance 
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record. Entries in this record shall be made by or under the personal di- 
rection of the responsible installation, service, or maintenance operator 
concerned in each particular instance, but the station licensee shall have 
joint responsibility with the responsible operator concerned for the faith- 
ful and accurate making of such entries as are required by the paragraph. 

(2) Each entry in this record shall be personally signed by the respon- _ 
sible operator concerned. 

(3) The following entries shall be made in this record: 

(i) The date and place of initial installation. 

(ii) Any necessary steps taken to remedy any interference found to 
exist at the time of such installation. 

(iii) The nature of any complaint (including interference to radio com- 
munication) arising subsequent to initial installation, and the date thereof. 

(iv) The reason for the trouble leading to the complaint, including the 
name of any component or component part which failed or was misad- 
justed. 

(v) Remedial measures taken, and date thereof. 

(vi) The name, license number, and date of the ship-radar operator 
endorsement on the first or second-class radio operator license of the re- 
sponsible operator performing or immediately supervising the installation, 
servicing, of maintenance. 

(e) [Reserved] 

(f) In addition to the installation and maintenance record required 
by paragraph (d) of this section, the following documents shall be 
available for reference on board each radar-equipped vessel: 

(1) Part 83 of this chapter. 

(2) At least one set of instructions from the respective manufacturer 
relative to the use and operation of the particular type of ship-radar in- 
stallation. 

(g) No provisions of this part shall require any ship-radar station to 
transmit any signal(s) intended solely for the purpose of identifying that 
station. 


PART 89: PUBLIC SAFETY RADIO SERVICES 


R & R 89.51 Station Authorization Required. No radio transmitter 
shall be operated in the Public Safety Radio Services except under and 
in accordance with proper station authorization granted by the Federal 
Communications Commission. 
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R & R 89.55 Filing of Applications. (a) To assure that necessary infor- 
mation is supplied in a consistent manner by all persons, standard forms 
are prescribed for use in connection with the majority of applications and 
reports submitted for Commission consideration. Standard numbered 
forms applicable to the Public Safety Radio Services are discussed in 
R & R 89.59, and may be obtained from the Washington, D.C. 20554, 
office of the Commission, or from any of its engineering field offices. Con- 
cerning matters where no standard form is applicable, the procedure out- 
lined in R & R 89.61 should be followed. 


R & R 89.57 Who May Sign Applications. (a) Except as provided in 
paragraph (b) of this section, applications, amendments thereto, and 
related statements of fact required by the Commission shall be personally 
signed by the applicant, if the applicant is an individual; by one of the 
partners, if the applicant is a partnership; by an officer or duly autho- 
rized employee, if the applicant is a corporation; or by a member who 
is an officer, if the applicant is an unincorporated association. Applica- 
tions, amendments, and related statements of fact filed on behalf of 
eligible government entities, such as states and territories of the United 
States and political subdivision thereof, the District of Columbia, and 
units of local government, including incorporated municipalities, shall 
be signed by such duly elected or appointed officials as may be competent 
to do so under the laws of the applicable jurisdiction. 


(b) Applications, amendments thereto, and related statements of fact 
required by the Commission may be signed by the applicant’s attorney 
in case of the applicant’s physical disability or of his absence from the 
United States. The attorney shall in that event separately set forth the 
reason why the application is not signed by the applicant. In addition, if 
any matter is stated on the basis of the attorney’s belief only (rather than 
his knowledge), he shall separately set forth his reasons for believing that 
such statements are true. 

(c) Only the original of applications, amendments, or related state- 
ments of fact, need be signed; copies may be conformed. 

(d) Applications, amendments, and related statements of fact need 
not be signed under oath. Willful false statements made therein, however, 
are punishable by fine and imprisonment, U.S. Code, Title 18, section 
1001, and by appropriate administrative sanctions, including revocation 


of station license pursuant to Section 312(a)(1) of the Communications 
Act of 1934, as amended. 


* % * * * * 
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R & R 89.103 Frequency Stability. (a) A permittee or licensee in 
these services shall maintain the carrier frequency of each authorized 
transmitter within the following percentage of the assigned frequency. 


All Mobile 


All Fixed and Stations 

Frequency Range Base Stations Over 2 W 2 W or Less 

MHz Percent Percent Percent 
Below 25 0.01 0.01 0.02 
25 to 50 .002 .002 .005 
50 to 450 1.0005 .0005 .005 
450 to 470 4.00025 .0005 .0005 
470 to 512 . #00025 .0005 .0005 
806 to 820 6.00015 .00025 .00025 
851 to 866 .00015 .00025 .00025 
1,427 to 1,435 5.03 .03 .03 
Above 1,435 (2:3) (2:8) (2:8) 


1 Stations authorized for operation on or before Dec. 1, 1961, in the 
frequency band 73.0-74.6 MHz may operate with a frequency tolerance 
of 0.005 percent. 

2 Radiolocation equipment using pulse modulation shall meet the fol- 
lowing frequency tolerance: The frequency at which maximum emission 
occurs shall be within the authorized frequency band and shall not be 
closer than 1.5/T MHz to the upper and lower limits of the authorized 
frequency band where T (telsa) is the pulse duration in microseconds. 
For other radiolocation equipment, tolerances will be specified in the 
station authorization. See also R & R 89.121. 

3 The frequency tolerance for base and mobile stations will be 
specified in the station authorization. 

4 Operational fixed stations controlling mobile relay stations, through 
use of the associated mobile frequency, may operate with a frequency 
tolerance of 0.0005 percent. 

5 For fixed stations with power output above 120 W, the frequency 
tolerance is 0.01 percent if the necessary bandwidth of the emission 
does not exceed 3 kHz. For fixed station transmitters with a power of 
120 W or less and using time division multiplex, the frequency toler- 
ance may be increased to 0.05 percent. 

6 For control stations the frequency stability is 0.00025 percent. 


(b) For the purpose of determining the frequency tolerance ap- 
plicable to a particular transmitter in accordance with the foregoing 
provisions of this section, the power of a transmitter shall be the 
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maximum rated output power as specified in the Commission’s ‘Radio 
Equipment List.” 


% * % * * * 
R & R 89.107. Emission Limitations. 
* % a *. x * 


(1) For all type A3 emissions, the maximum authorized bandwidth 
shall be 8 kHz. 

(2) For all F3 emission, the maximum authorized bandwidth and 
maximum authorized frequency deviation shall be as follows: 


Authorized Frequency 

Bandwidth Deviation 
Frequency Band (MHz) (kHz) (kHz) 
25 to 50 20 5 
50 to 150 120 15 
150 to 450 20 5 
450 to 470 20 5 
470 to 512 20 >) 
806 to 821 20 5 
851 to 866 20 5 


1 Stations authorized for operation on or before Dec. 1, 1961, in the 
frequency band 73.0-74.6 MHz may continue to operate with a band- 
width of 40 kHz and a deviation of + 15 kHz. 


(3) For all type Al emissions, the maximum authorized bandwidth 
shall be 0.25 kHz. : 

(c) The mean power of emissions shall be attenuated below the 
mean output power of the transmitter in accordance with the following 
schedule: 

(1) On any frequency removed from the assigned frequency by 
more than 50 percent up to and including 100 percent of the authorized 
bandwidths: At least 25 decibels; 

(2) On any frequency removed from the assigned frequency by 
more than 100 percent up to and including 250 percent of the autho- 
rized bandwidth: At least 35 decibels; 

(3) On any frequency removed from the assigned frequency by 
more than 250 percent of the authorized bandwidth: At least 43 plus 
10 Logi9 (mean output power in watts) decibels or 80 decibels, which- 
ever is the lesser attenuation. 

(d) When an unauthorized emission results in harmful interference, 
the Commission may, in its discretion, require appropriate technical 
changes in equipment to alleviate the interference. 
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(ec) The maximum authorized bandwidth of emission will be 25 
MHz in the frequency band 10,550—10,680 MHz and 50 MHz in the 
frequency bands above 16,000 MHz. 


R & R 89.109 Modulation Requirements. (a) The maximum audio 
frequency required for satisfactory radiotelephone intelligibility in these 
services is considered to be 3000 hertz. 

(b) When amplitude modulation is used for telephony, the modula- 
tion percentage shall be sufficient to provide efficient communication and 
normally shall be maintained above 70 percent on peaks, but shall not 
exceed 100 percent on negative peaks. 

(c) Each transmitter shall be equipped with a device which automati- 
cally prevents modulation in excess of that specified in this subpart which 
may be caused by greater than normal audio level: Provided, however, 
That this requirement shall not be applicable to transmitters authorized 
to operate as mobile stations with a maximum output power of 2 watts 
or less. 


R & R 89.117 Acceptability of Transmitters for Licensing. (a) 
Periodically, the Commission publishes a list of equipment entitled 
“Radio Equipment List, Equipment Acceptable for Licensing.’’ Copies 
of this list are available for public reference at the Commission’s offices 
in Washington, D.C., and at each of its field offices. This list includes 
type accepted and type approved equipment and, also until such time 
as it may be removed by Commission action, other equipment which 
appeared in this list on May 16, 1955. 

(b) Each transmitter marketed as specified in R & R 2.803 of this 
chapter or utilized by a station authorized for operation under this 
part must be of a type which is included in the Commission’s current 
Radio Equipment List and is designated for use under this part or be 
of a type which has been type accepted by the Commission for use 
under this part. As exceptions to these requirements, type acceptance 
is not required for the following: 

(1) Transmitters used in developmental stations. 

(2) Transmitters in police zone and interzone stations authorized as 
of January 1, 1965. 

(3) Transmitters used in radiolocation stations authorized prior to 
January 1, 1974. 

(4) Radiolocation transmitters marketed as specified in R & R 2.805 
of this chapter prior to January 1, 1974. 
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(c) Transmitters to be operated in any of the frequency bands be- 
tween 1427 and 10,680 MHz, except the 8400-8500 MHz band, 
authorized under this part shall be type accepted if specified in an 
application filed after July 20, 1962, except that equipment authorized 
prior thereto may continue to be used provided such operation does not 
result in harmful interference to other stations or systems which are 
conforming to the appropriate technical standard contained in this part. 


* Ys * * * * 


R & R 89.171 Inspection and Maintenance of Tower Marking and 
Associated Control Equipment. The licensee of any radio station which 
has an antenna structure required to be painted or illuminated pursuant 
to the provisiqns of Section 303(q) of the Communications Act of 1934, 
as amended, and/or Part 17 of this chapter shall comply with the provi- 
sions of this section in the operation and maintenance of such tower 
marking as follows: 

(a) Shall make an observation of the tower lights at least once each 
24 hours either visually or by observing an automatic and properly main- 
tained indicator designed to register any failure of such lights, to insure 
that all such lights are functioning properly as required; or alternatively. 

(b) Shall provide and properly maintain an automatic alarm system 
designed to detect any failure of such lights and to provide indication of 
such failure to the licensee. 

(c) Shall report immediately by telephone or telegraph to the nearest 
Flight Service Station or office of the Federal Aviation Agency any ob- 
served or otherwise known failure of a code or rotating beacon light or 
top light not corrected within 30 minutes, regardless of the cause of such 
failure. Further notification by telephone or telegraph shall be given im- 
mediately upon resumption of the required illumination. , 

(d) Shall inspect at intervals not to exceed 3 months all automatic or 
mechanical control devices, indicators and alarm systems associated with 
the tower lighting to insure that such apparatus is functioning properly. 

(e) Shall exhibit all lighting from sunset to sunrise unless otherwise 
specified. 

(f) [Reserved} 

(g) Shall clean and repaint all towers as often as necessary to main- 
tain good visibility. 


R & R 89.175 Content of Station Records. Each licensee of a station 
in these services shall maintain records in accordance with the following: 
(a) For all stations, the results and dates of the transmitter measure- 
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ments required by these rules and the name of the person or persons 
making the measurements. 

(b) For all stations, when service or maintenance duties are per- 
formed, the responsible operator shall sign and date an entry in the 
station record giving: 

(1) Pertinent details of all duties performed by him or under his 
supervision; 

(2) His name and address, and 
(3) The class, serial number, and expiration date of his license, 
Provided, That the information called for by subparagraphs (2) and 
(3) of this paragraph, so long as it remains the same, need be entered 
only once in the station record at any station where the responsible 
operator is regularly employed on a full-time basis and at which his 
license is properly posted. 

(c) {Reserved} 

(d) [Reserved] 

(ec) For stations whose antenna or antenna supporting structure is 
required to be illuminated, a record in accordance with the following: 

(1) The time the tower lights are turned on and off each day if 
manually controlled. 

(2) The time the daily check of proper operation of the tower lights 
was made, if an automatic alarm system is not provided. 

(3) In the event of any observed or otherwise known failure of a 
tower light: 

(i) Nature of such failure. 

(ii) Date and time the failure was observed, or otherwise noted. 

(iii) Date, time, and nature of the adjustments, repairs, or replace- 
ments that were made. 

(iv) Identification of the Flight Service Station (FAA) notified of the 
failure of any code or rotating beacon light or top light not corrected 
within thirty minutes, and the date and time such notice was given. 

(v) Date and time notice was given to the Flight Service Station 
(FAA) that the required illumination was resumed. 

(4) Upon the completion of the periodic inspection required at least 
once each three months: 

(i) The date of the inspection and the condition of all tower lights 
and associated tower lighting control devices; indicators and alarm sys- 
tems. 

(ii) Any adjustments, replacements, or repairs made to insure com- 
pliance with the lighting requirements and the date such adjustments, 
replacements, or repairs were made. 


* * ke e * * 


APPENDIX II 


EXTRACTS OF THE COMMUNICATIONS ACT 
OF 1934, AS AMENDED 


PURPOSES OF ACT 


Sec. 1. For the purpose of regulating interstate and foreign commerce 
in communication by wire and radio so as to make available, so far 
as possible, to all the people of the United States a rapid, efficient, 
Nation-wide, and world-wide wire and radio communication service 
with adequate facilities at reasonable charges, for the purpose of the 
national defense, for the purpose of promoting safety of life and prop 
erty through the use of wire and radio communication, and for the pur 
pose of securing a more effective execution of this policy by centraliz- 
ing authority heretofore granted by law to several agencies and by 
granting additional authority with respect to interstate and foreign 
commerce in wire and radio communication, there is hereby created a 
commission to be known as the “Federal Communications Commis- 
sion,” which shall be constituted as hereinafter provided, and which 
shall execute and enforce the provisions of this Act. 


* * % & * * 


LICENSE FOR RADIO COMMUNICATION OR TRANSMISSION 
OF ENERGY 


Sec. 301. It is the purpose of this Act, among other things, to main- 
tain the control of the United States over all the channels of interstate 
and foreign public transmission; and to provide for the use of such 
channels, but not the ownership thereof, by persons for limited periods 
of time, under licenses granted by Federal authority, and no such 
license shall be construed to create any right, beyond the terms, con- 
ditions, and periods of the license. No person shall use or operate any 
apparatus for the transmission of energy or communications or signals 
by radio (a) from one place in any Territory or possession of the 
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United States or in the District of Columbia to another place in the 
same Territory, possession, or district; or (b) from any State, Territory, 
or possession of the United States, or from the District of Columbia 
to any other State, Territory, or possession of the United States; or (c) 
from any place in any State, Territory, or possession of the United 
States, or in the District of Columbia, to any place in any foreign 
country or to any vessel; or (d) within any State when the effects of 
such use extend beyond the borders of said State, or when interference 
is caused by such use or operation with the transmission of such energy, 
communications, or signals from within said State to any place beyond 
its borders, or from any place beyond its borders to any place within 
said State, or with the transmission or reception of such energy, 
communications, or signals from and/or to places beyond the borders 
of said State; or (ce) upon any vessel or aircraft of the United States; 
or (f) upon any other mobile stations within the jurisdiction of the 
United States, except under and in accordance with this Act and with 
a license in that behalf granted under the provisions of this Act. 


GENERAL POWERS OF THE COMMISSION 


Sec. 303. Except as otherwise provided in this Act, the Commission 
from time to time, as public convenience, interest, or necessity requires, 


shall— 


* * * * * * 


(2) No order of suspension of any operator’s license shall take ef- 
fect until fifteen days’ notice in writing thereof, stating the cause for 
the proposed suspension, has been given to the operator licensee who 
may make written application to the Commission at any time within 
said fifteen days for a hearing upon such order. The notice to the 
operator licensee shall not be effective until actually received by him, 
and from that time he shall have fifteen days in which to mail the 
said application. In the event that physical conditions prevent mailing 
of the application at the expiration of the fifteen-day period, the 
application shall then be mailed as soon as possible thereafter, accom- 
panied by a satisfactory explanation of the delay. Upon receipt by the 
Commission of such application for hearing, said order of suspension 
shall be held in abeyance until the conclusion of the hearing which 
shall be conducted under such rules as the Commission may prescribe. 
Upon the conclusion of said hearing the Commission may affirm, mod- 
ify, or revoke said order of suspension. 

(n) Have authority to inspect all radio installations associated with 
stations required to be licensed by any Act or which are subject to the 
provisions of any Act, treaty, or convention binding on the United 
States, to ascertain whether in construction, installation, and operation 
they conform to the requirements of the rules and regulations of the 
Commission, the provisions of any Act, the terms of any treaty or con- 
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vention binding on the United States, and the conditions of the license 
or other instrument of authorization under which they are constructed, 
installed, or operated. 


* * * * * * 


(r) Make such rules and regulations and prescribe such restrictions 
and conditions, not inconsistent with law, as may be necessary to carry 
out the provisions of the Act, or any international radio or wire com- 
munications treaty or convention, or regulations annexed thereto, in- 
cluding any treaty or convention insofar as it relates to the use of radio, 
to which the United States is or may hereafter become a party. 


* % *% * % % 


OPERATION OF TRANSMITTING APPARATUS 


Sec. 318. The actual operation of all transmitting apparatus in any 
radio station for which a station license is required by this Act shall 
be carried on only by a person holding an operator’s license issued 
hereunder, and no person shall operate any such apparatus in such 
station except under and in accordance with an operator’s license issued 
to him by the Commission: Provided, however, That the Commission 
if it shall find that the public interest, convenience, or necessity will be 
served thereby may waive or modify the foregoing provisions of this 
section for the operation of any station except (1) ‘stations for which 
licensed operators are required by international agreement, (2) stations 
for which licensed operators are required for safety purposes, (3) sta- 
tions engaged in broadcasting, and (4) stations operated as common 
carriers on frequencies below thirty thousand kilocycles: Provided, fur- 
ther, That the Commission shall have power to make special regula- 
tions governing the granting of licenses for the use of automatic radio 
devices and for the operation of such devices. 


* * * * * 


DISTRESS SIGNALS AND COMMUNICATIONS 


Sec. 321. (a) The transmitting set in a radio station on shipboard 
may be adjusted in such a manner as to produce a maximum of radia- 
tion, irrespective of the amount of interference which may thus be 
caused, when such station is sending radio communications or signals 
of distress and radio communications relating thereto. 

(b) All radio stations, including Government stations and stations 
on board foreign vessels when within the territorial waters of the 
United States shall give absolute priority to radio communications or 

signals relating to ships in distress; shall cease all sending on frequen- 
cies which will interfere with hearing a radio communication or signal 
of distress, and, except when engaged in answering or aiding the ship 
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in distress, shall refrain from sending any radio communications or 
signals until there is assurance that no interference will be caused with 
the radio communications or signals relating thereto, and shall assist 
the vessel in distress, so far as possible, by complying with its instruc- 
tions. 


INTERCOMMUNICATION IN MOBILE SERVICE 


Sec. 322. Every land station open to general public service between 
the coast and vessels or aircraft at sea shall, within the scope of its 
normal operations, be bound to exchange radio communications or 
signals with any ship or aircraft station at sea; and each station on 
shipboard or aircraft at sea shall, within the scope of its normal oper- 
ations, be bound to exchange radio communications or signals with any 
other station on shipboard or aircraft at sea or with any land station 
open to general public service between the coast and vessels or aircraft 
at sea: Provided, That such exchange of radio communication shall be 
without distinction as to radio systems or instruments adopted by each 
station. 


INTERFERENCE BETWEEN GOVERNMENT AND 
COMMERCIAL STATIONS | 


Sec. 323. (a) At all places where Government and private or com- 
mercial radio stations on land operate in such close proximity that in- 
terference with the work of Government stations cannot be avoided 
when they are operating simultaneously, such private or commercial 
stations as do interfere with the transmission or reception of radio com- 
munications or signals by the Government stations concerned shall not 
use their transmitters during the first fifteen minutes of each hour, 
local standard time. 


od * ak .% * ae 


USE OF MINIMUM POWER 


Sec. 324. In all circumstances, except in case of radio communications 
or signals relating to vessels in distress, all radio stations, including those 
owned and operated by the United States, shall use the minimum amount 
of power necessary to carry out the communication desired. 


FALSE DISTRESS SIGNALS; REBROADCASTING; 
STUDIOS OF FOREIGN STATIONS 


Sec. 325. (a) No person within the jurisdiction of the United States 
shall knowingly utter or transmit, or cause to be uttered or transmitted, 
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any false or fraudulent signal of distress, or communication relating 
thereto, nor shall any broadcasting station rebroadcast the program or 
any part thereof of another broadcasting station without the express 
authority of the originating station. 


* * # * % 


CENSORSHIP; INDECENT LANGUAGE 


Sec. 326. Nothing in the this Act shall be understood or construed to 
give the Commission the power of censorship over the radio communi- 
cations or signals transmitted by any radio station, and no regulation or 
condition shall be promulgated or fixed by the Commission which shall 
interfere with the right of free speech by means of radio communication. 


* * * * * * 


SHIP RADIO INSTALLATIONS AND OPERATIONS 
Sec. 351. (a) Except as provided in Section 352 hereof it shall be 


unlawful— 

(1) For any ship of the United States, other than a cargo ship of less 
than five hundred gross tons, to be navigated in the open sea outside of 
a harbor or port, or for any ship of the United States or any foreign 
country, other than a cargo ship of less than five hundred gross tons, to 
leave or attempt to leave any harbor or port of the United States for a 
voyage in the open sea, unless such ship is equipped with an efficient 
radio installation in operating condition in charge of and operated by a 
qualified operator or operators, adequately installed and protected so as 
to insure proper operation, and so as not to endanger the ship and radio 
installation, as hereinafter provided, and in the case of a ship of the 
United States, unless there is on board a valid station license issued in 
accordance with this Act: Provided, That the Commission may defer the 
application of the provisions of this section for a period not beyond Jan- 
uary 1, 1955, with respect to cargo ships of less than sixteen hundred 
gross tons not subject to the radio requirements of the Safety Convention 
when it is found impracticable to obtain or install equipment necessary 
for compliance therewith; 

(2) For any ship of the United States of sixteen hundred gross tons, 
or over, to be navigated outside of a harbor or port, in the open sea, or 
for any such ship of the United States or any foreign country to leave 
or attempt to leave any harbor or port of the United States for a voyage 
in the open sea, unless such ship is equipped with an efficient radio di- 
rection finding apparatus (radio compass) properly adjusted in operating 
condition as hereinafter provided, which apparatus is approved by the 
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Commission: Provided, That the Commission may defer the application 
of the provisions of this section with respect to radio direction finding 
apparatus to a ship or ships between one thousand six hundred and five 
thousand gross tons for a period not beyond November 19, 1954, if it is 
found impracticable to obtain or install such direction finding apparatus. 

(b) A ship which is not subject to the provisions of this part at the 
time of its departure on a voyage shall not become subject to such pro- 
visions on account of any deviation from its intended voyage due to stress 
of weather or any other cause over which neither the master, the owner, 
nor the charterer (if any) has control. 


a8 * * * * i 


UNAUTHORIZED PUBLICATION OF COMMUNICATIONS 


Sec. 605. No person receiving or assisting in receiving, or transmit- 
ting, or assisting in transmitting, any interstate or foreign communica- 
tion by wire or radio shall divulge or publish the existence, contents, sub- 
stance, purport, effect, or meaning thereof, except through authorized 
channels of transmission or reception, to any person other than the ad- 
dressee, his agent, or attorney, or to a person employed or authorized to 
forward such communication to its destination, or to proper accounting 
or distributing officers of the various communicating centers over which 
the communication may be passed, or to the master of a ship under 
whom he is serving, or in response to a subpoena issued by a court of 
competent jurisdiction, or on demand of other lawful authority; and no 
person not being authorized by the sender shall intercept any com- 
munication and divulge or publish the existence, contents, substance, 
purport, effect, or meaning of such intercepted communication to any 
person; and no person not being entitled thereto shall receive or assist in 
receiving any interstate or foreign communication by wire or radio and 
use the same or any information therein contained for his own benefit or 
for the benefit of another not entitled thereto; and no person having re- 
ceived such intercepted communication or having become acquainted 
with the contents, substance, purport, effect, or meaning of the same or 
any part thereof, knowing that such information was so obtained, shall 
divulge or publish the existence, contents, substance, purport, effect, or 
meaning of the same or any part thereof, or use the same or any informa- 
tion therein contained for his own benefit or for the benefit of another 
not entitled thereto: Provided, That this section shall not apply to the 
receiving, divulging, publishing, or utilizing the contents of any radio 
communication broadcast, or transmitted by amateurs or others for the 
use of the general public, or relating to ships in distress. 
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APPENDIX III 


EXTRACTS FROM THE INTERNATIONAL TELE- 
COMMUNICATIONS CONVENTION, 
ATLANTIC CITY, 1947 


ARTICLE 32 


§ 1 Members and Associate Members agree to take all possible 
measures, compatible with the system of telecommunication used, with 
a view to insuring the secrecy of international correspondence. 
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ARTICLE 43 


§ 1 Stations performing radio communication in the mobile service 
shall be bound, within the limits of their normal employment, to ex- 
change radio communications reciprocally without distinction as to the 
radio system adopted by them. 
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ARTICLE 44 


§ 1 All stations, whatever their purpose, must be established and 
operated in such a manner as not to result in harmful interference to the 
radio services or communications of other Members or Associate Mem- 
bers or of recognized private operating agencies, or of other duly auth- 
orized operating agencies which carry on radio service, and which oper- 
ate in accordance with the provisions of the Radio Regulations. 
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ARTICLE 45 


§ 1 Radio stations shall be obligated to accept, with absolute prior- 
ity, distress calls and messages regardless of their origin, to reply in 
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the same manner to such messages, and immediately to take such action 
in regard thereto as may be required. 


* a * * * % 
ARTICLE 46 


Members and Associate Members agree to take the steps required to 
prevent the transmission or circulation of false or deceptive distress or 
safety signals and the use, by a station, of call signs which have not been 
regularly assigned to it. 


EXTRACTS FROM THE INTERNATIONAL RADIO 
REGULATIONS ANNEXED TO THE INTER- 
NATIONAL TELECOMMUNICATIONS 
CONVENTION, ATLANTIC CITY, 

1947 


ARTICLE 13 


372 § 1 Unnecessary transmissions and transmission of superflous 
signals and correspondence are forbidden to all stations. 
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382 § 9 The transmission of signals without identification is for- 
bidden to all stations. 


* * x * a % 
ARTICLE 21 


485 The administrations bind themselves to take the necessary meas- 
ures to prohibit and prevent: 

486 (a) the unauthorized interception of radiocommunications not 
intended for the general use of the public; 

487 (b) the divulgence of the contents, simple disclosure of the 
existence, publication or any use whatever without authorization, of 
information of any nature whatever obtained by the interception of the 
radiocommunications mentioned in 486. 


ARTICLE 22 


488 § 1 (1) No transmitting station may be established or oper- 
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ated by a private person or by any enterprise without a license issued 
by the government of the country to which the station in question is 
subject. 


ARTICLE 23 


493 § 1 (1) The governments or appropriate administrations of 
countries where a mobile station calls may require the production of 
the license. The operator of the mobile station, or the person respon- 
sible for the station, must facilitate this examination. The license must 
be kept in such a way that it can be produced without delay. As far 
as possible, the license, or a copy certified by the authority which has 
issued it, should be permanently exhibited in the station. 
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ARTICLE 26 


565 § 1 The service of a mobile station is placed under the su- 
preme authority of the master or of the person responsible for the ship, 
aircraft, or other vehicle carrying the mobile station. 

566 § 2 The person holding this authority must require the oper- 
ators to comply with these Regulations. 

567 § 3 The master or the person responsible, as well as all per- 
sons who may have knowledge of the text or even of the existence of 
the radiotelegrams, or of any information whatever obtained by means 
of the radiocommunication service, are placed under the obligation of | 
observing and ensuring the secrecy of correspondence. 
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ARTICLE 29 


610 § 6 (1) Before emitting, every station must listen for a period 
long enough to satisfy itself that it will not cause harmful interference 
to transmissions in progress within its range; if such interference is 
likely, the station awaits the first break in the transmission with which 
it might interfere. 


ca * * * bd * 


679 § 26 Where it is necessary for a mobile station to send signals 
for testing or adjustment which are liable to interfere with the working 
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of a neighboring coast or aeronautical station, the consent of the sta- 
tion must be obtained before such signals are sent. 

680 § 27 When it is necessary for a station in the mobile service 
to make test signals, either for the adjustment of a transmitter before 
making a call or for the adjustment of a receiver, they must not con- 
tinue for more than 10 seconds and must be composed of a series of 


VVV followed by the call sign of the station emitting the test signals. 


* % % x r te 
ARTICLE 37 


871 § 5 Aircraft. 

Any aircraft in distress must transmit the distress call on the fre- 
quency on which the land or mobile stations capable of helping it, 
keep watch. When the call is addressed to stations of the maritime 
service, the frequencies to be used shall be the international distress 
frequency 500 kc/s or other watchkeeping frequencies of these stations. 

872 § 6 (1) In radiotelegraphy, the distress signal consists of the 
group ---———--- transmitted as a single signal in which the 
dashes must be emphasized so as to be distinguished clearly from the 
dots. 

873 (2) In radiotelephony, the distress signal consists of the word 
MAY-DAY pronounced as the French expression “m’aider”. 

874 § 7 These distress signals indicate that the ship, aircraft, or 
other vehicle sending the distress signal is threatened by grave and 
imminent danger and requests immediate assistance. 

875 § 8 The distress call and message are sent only on the author- 
ity of the master or person responsible for the ship, aircraft or other 
vehicle carrying the mobile station. 


* * * * * * 


879. § 11..The distress call, when sent by radiotelephony, is gen- 
erally preceded by the signal ...———.-.-+- produced by a whistle or 
any other suitable means. 
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882 § 14 (1) The distress call must be followed as soon as pos- 
sible by the distress message. This message comprises: 
—the distress call; 
—the name of the ship, aircraft, or vehicle in distress; 
—particulars of its position, the nature of the distress and the 
kind of assistance desired; 
—any other information which might facilitate the rescue. 
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883 (2) As a general rule, a ship signals its position in latitude and 
longitude (Greenwich), using figures for the degrees and minutes, to- 
gether with one of the words NORTH or SOUTH and one of the 
words EAST or WEST. The signal .—.—. — is used to separate 
the degrees from the minutes. When practicable, the true bearing and 
distance in nautical miles from a known geographical point may be 

iven. 
i 884 (3) As a general rule, and if time permits, an aircraft shall 
transmit in its distress message the following information: 
—estimated position and time of the estimate; 
—true heading and indicated air speed; 
—altitude; 
—type of aircraft; 
—nature of distress; 
—intention of person in command (such as forced alighting on 
the sea or crash landing). 

885 (4) As a general rule, an aircraft in flight signals its position: 

—if possible by latitude and longitude (Greenwich), using 
figures for the degrees and minutes, together with one of 
the words NORTH and SOUTH and one of the words 
EAST or WEST; or 

—by the name of the nearest place, and its approximate dis- 
tance in relation thereto, together with one of the words 
NORTH, SOUTH, EAST, or WEST, as the case may be, 
or, when practicable, by words indicating intermediate di- 
rections. 

886 § 15 After the transmission of its distress message, the mobile 
station transmits two dashes of approximately 10 seconds’ duration 
each, followed by its call sign, to permit direction-finding stations to 
determine its position. This transmission will be repeated at frequent 
intervals in case of necessity. 
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895 § 19 (1) Stations of the mobile service which receive a distress 
message from a mobile station which is, beyond any possible doubt, in 
their vicinity, must immediately acknowledge receipt (see 913, 914 and 
915). If the distress call has not been preceded by the alarm signal, 
these stations may transmit this alarm signal with the permission of the 
authority responsible for the station taking care not to interfere with the 
transmission of acknowledgments of receipt sent by other stations. 

896 (2) Stations of the mobile service which receive a distress mes- 
sage from a mobile station which, beyond any possible doubt, is not 
in their vicinity, must allow a short interval of time before acknow- 
ledging receipt of the message, in order to permit stations nearer to 
the mobile station in distress to answer and acknowledge receipt with- 
out interference. 
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900 § 22 The control of distress traffic is the responsibility of the 
mobile station in distress or of the mobile station which, by the appli- 
cation of the provisions of 892 and 893, has sent the distress call. These 
stations may, however, delegate the control of the distress traffic to 
another station. 


932 §34 (1) The urgency signal may be transmitted only on the 
authority of the master or the person responsible for the ship, aircraft 
or other vehicle carrying the mobile station. 

933 (2) The urgency signal may be transmitted by a land station 
only with the approval of the responsible authority. 

934 § 35 (1) In radiotelegraphy, the urgency signal consists of 
three repetitions of the group XXX, sent with the letters of each group 
and the successive groups clearly separated from each other. It is sent 
before the call. 

935 (2) In radiotelephony, the urgency signal consists of three rep- 
etitions of the word PAN pronounced as the French word “panne.” It 
is sent before the call. 

936 § 36 (1) The urgency signal indicates that the calling station 
has a very urgent message to transmit concerning the safety of a ship, 
aircraft or other vehicle or of some person on board or within sight. 

937 (2) The urgency signal has priority over all other communica- 
- tions, except distress. All mobile and land stations which hear it must 
take care not to interfere with the transmission of the message which 
follows the urgency signal. 

938 (3) Where the urgency signal is used by a mobile station, st 
must, as a general rule, be addressed to a specific station. 


ue * * ak * ak 


940 § 38 (1) Mobile stations which hear the urgency signal must 
continue to listen for at least three minutes. At the end of this period, 
if no urgency message has been heard, they may resume their normal 
service. 

941 (2) However, land and mobile stations which are in communi- 
cation on frequencies other than those used for the transmission of the 
urgency signal and of the call which follows it may continue their 
normal work without interruption provided the urgency message is 
not addressed “‘to all stations” (CQ). 


* oy * % * * 
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943 §40 (1) In radiotelegraphy, the safety signal consists of three 
repetitions of the group TTT, sent with the letters of each group and 
the successive groups clearly separated from each other. It is sent before 
the call. 

944 (2) In radiotelephone, the word SECURITE, pronounced as the 
French “sécurité,” repeated three times, is used for the safety signal. 

945 § 41 (1) The safety signal indicates that the station is about 
to transmit a message concerning the safety of navigation or giving 
important meterological warnings. 

946 (2) The safety signal and the message which follows it are 
sent on the distress frequency or on one of the frequencies which may 
be used in case of distress... 
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949 §43 All stations hearing the safety signal must continue to 
listen on the frequency on which the safety signal has been transmitted 
until they are satisfied that the message is of no interest to them. They 
must, moreover, not make any transmissions likely to interfere with 
the message. 


RADIOTELEGRAMS 


ARTICLE 38 


Order of Priority of Communications im the Mobile Service 

950 The order of priority of communications in the mobile service 
is as follows: 

1. Distress calls, distress messages and distress traffic. 

2. Communications preceded by the urgency signal. 

3. Communications preceded by the safety signal. 

4. Communications relative to radio direction-finding bearings. 

5. Radiotelegrams relative to the navigation and safe movement of 
aircraft. 

6. Radiotelegrams relative to the navigation, movements, and needs 
of ships; weather observation messages destined for an official meteoro- 
logical service. 

7. Government radiotelegrams for which priority right has been 
claimed. 

8. Service radiotelegrams relating to the working of the radiocom- 
munication service or to radiotelegrams previously transmitted. 

9. All other communications. 


APPENDIX IV 


EXTRACTS FROM THE GENEVA, 1959, TREATY 


ARTICLE 1 
SECTION III. TECHNICAL CHARACTERISTICS 


93 Harmful Interference: Any emission, radiation or induction 
which endangers the functioning of a radionavigation service or of other 
safety services or seriously degrades, obstructs or repeatedly interrupts a 
radiocommunication service operating in accordance with these Regu- 
lations. 
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ARTICLE 21 
INSPECTION OF MOBILE STATIONS 


- 838 § 1 (1) The governments or appropriate administrations of 
countries which a mobile station visits, may require the production of the 
license for examination. The operator of the mobile station, or the per- 
son responsible for the station, shall facilitate this examination. The li- 
cense shall be kept in such a way that it can be produced upon request. 
As far as possible, the license, or a copy certified by the authority which 
has issued it, should be permanently exhibited in the station. 
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Note: The question number following each answer refers to the 
question in the body of the text on which the sample-test question is 
based. In the event that the student has an incorrect answer to a sample- 
test question, or wishes to refresh his knowledge of the particular 
subject, he should study the information supplied in connection with 
the referenced text question. 
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The index has been prepared to facilitate the use of this book for study- 
ing for a particular class of license as well as for reference and review. 
Question numbers rather than page numbers are cited for each entry. 
It is believed that this will make for more convenient usage. 

Special headings and entries are incorporated into the index. These are 
Definitions, Diagrams, Rules and Regulations (FCC), and Troubleshooting. 
The reader will find these entries particularly useful for reference. 


Absorption wavemeters, 
frequency 
measurement, 3.220 

A-c circuits | 

impedance, 4.03 
parallel, 3.09(C) 
series, 3.09(B), 4.06 
series-parallel, 4.03 

Acorn tube, 3.63 

Admittance, 3.06 

AFC system, 3.164 

AGC (audio) amplifiers, 4.40 

Air-core transformers, 3.41 

Alpha, 3.192(A) 

expressed as current 
ratios, 3.192(B) 

Alpha cut-off frequency, 
3.188, 3.192(G) 

AM. See also Amplitude 
modulation 

AM antenna sites, 4.65 

AM bandwidth, 3.140, 3.141 

AM broadcast stations. See 
Broadcast stations, 
AM 

AM carrier shift, 3.147 

AM frequency shift, 3.146 

AM emission, 3.141 

AM modulators, output, 
3.148 

AM receivers 

AVC, 3.157 

bandpass switch, 3.160 
BFO, 3.158 

DAVC, 3.157 


AM receivers (cont.) 
interference, vehicular, 


3.181 
second detector, 3.157 


selectivity, 3.161 
sensitivity, 3.161 
signal frequency, related 
to image, 3.156 
spurious signals, reduced 
by filters, 3.179 
superheterodyne single- 
conversion, 3.155 
troubleshooting, 3.157 
AM reception, 4.47 
AM sidebands, 3.139, 4.47 
AM transmission, 4.47 
bandwidth, 3.163 
AM transmitters, 3.151, 
4.58. See also 
Transmitters 
frequency modulation in, 
3.150 
operating power, 3.195 
transistor, 3.300 
vacuum-tube, 3.299 
Ammeters, remote, 4.92 
Amplification factor, 3.54 
Amplifiers 
AGC (audio), 4.40 
amplification factor, 3.54 
audio. See also Class A 
amplifiers 
class A, 3.50 
feedback, 4.25 
fidelity, 4.27 
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Amplifiers, audio (cont.) 


grid-leak bias, 3.107 
transistor, see 
Transistors 
triode, grounded- 
cathode, 3.50 
bias, 3.122 
cathode, 3.110 
class A. See Class A 
amplifiers 
class B. See Class B 
amplifiers 
class C. See Class C 
amplifiers 
classes of operation, 
determining factor, 
3:52 
common-emitter 
with emitter bias, 3.187 
with fixed bias, 3.184 
with self-bias, 3.186 
compression, 4.41 
current feedback, 3.110 
cut-off bias, 3.52 
decoupling networks, 3.102 
distortion, 3.52 
noise produced, 3.104 
operating point, 3.57 
output transformer, 
3.103 
efficiency, 3.59 
gain, 3.54, 3.56 
grid-modulated, 3.145 
grounded-grid, 3.124 
i-f, 3.177 


Amplifiers (cont.) 
input voltage, 3.52 
limiting, 4.37 
noise from distortion, 
3.104 
output current vs. input 
voltage, 3.52 
output current vs. output 
voltage, 3.52 
output transformer, 3.115 
output voltage, 3.52 
parallel, 3.110 
peak-limiting, 4.39 
pentode, See Pentodes 
phase inverters, 3.110, 
3.112 
plate load resistance, 
3.57 
positive grid, 3.52 
power, 3.168. See also 
Class A amplifiers; 
Class B amplifiers; 
Class C amplifiers 
modulated-beam, 4.85 
push-pull class A, 3.110 
push-pull pentode, 3.50 
resistive coupling, 3.99 
r-f. See R-f amplifiers 
saturation plate current, 
3.52 
tetrode. See Tetrodes 
transistor, 3.184, 3.186, 
3.187, 3.190, 3.294- 
3.297. See also 
Transistors 
characteristics, 3.192(K) 
compared to vacuum 
tubes, 3.192(J) 
stabilization, 3.189 
triode. See also Triodes 
gain, 4.09 
grounded-cathode, 3.50 
VHF, 3.62, 3.64 
circuit parameters, 3.133 
voltage bias, 3.122 
voltage gain, 3.56 


Amplitude modulation. See 


also AM 

average modulator output, 
3.148 

dynamic instability, 3.146 

emission bandwidth, 3.140 

FM in AM transmitter, 
3.150 

grid modulation, 3.143 

modulation measurement 
with cathode-ray 
oscilloscope, 4.58 

modulation percentage, 
3.141, 4.90 

overmodulation, 3.141 

plate modulation, 3.145 


Antenna arrays 
directional, 4.66 
parasitic, 3.210 
stacked, 3.210 
Antenna coupling, broadcast 
transmitter, 4.55, 4.56 
Antenna current, 3.193, 4.90 
AM transmission dip, 
3.147 
remote ammeter, 4.92 
transmitter power, 3.195 
Antenna field intensity, 4.57 
Antenna fields, 3.196, 3.197 
Antenna field strength, 
3.203 
Antenna impedance, 3.194 
Antenna length, physical, 
3.203 
Antenna lighting, 4.138, 
4.140-4.148 
Antenna loops, 3.199, 3.210 
Antenna matching, 
transmission line, 
3.214 
Antenna patterns, 
directional, 4.67 
Antenna power, 3.203, 4.90 
Antenna power gain, 4.117 
Antenna resistance, 4.90 
transmitter power, 3.195 
Antennas 
AM, sites, 4.65 
broadcast, tuning, 4.82 
coaxial, 3.211 
groundplane, 3.204 
corner reflector, 3.210 
corona discharge, 3.203 
dipole 
current, 3.193 
impedance, 3.194 
voltage, 3.193 
directional arrays, 4.66 
diversity reception, 3.203 
electrical length, 3.203 
FM, sites, 4.65 
ground radials, 4.70 


ground waves, 3.201, 3.202 


guy wires, 3.212 
Intercity Relay station, 
. 4,136 
loading coil, 3.205 
loop, 3.210 
Marconi, coupling, 3.123 
painting, 4.138, 4.139 
parabolic reflectors, 8.36, 
8.37 

parasitic arrays, 3.210 
physical length, 3.203 
polarization, 3.203, 4.69 
power gain, 3.203 
quarter-wave 

radiation pattern, 3.198 
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Antennas, quarter-wave 
(cont.) i 
series feeding, 3.209 
shunt feeding, 3.209 
radar, 8.37 
location, 8.27 
waveguide feed, 8.32 
remote, ammeter, 4.92 
r-f amplifiers, coupling, 
3.127 
stacked arrays, 3.210 
single-loop, 3.210 
skip zone, 3.200 
sky waves, 3.201 
stacked arrays, 3.210 
Standing waves, 3.193 
STL stations, 4.136 
Stub tuning, 3.217 
tuning, r-f bridge method, 
4.82 
turnstile, 4.78 
TV, sites, 4.65 
UHF, sites, 4.65 
V-beam, 3.210 
whip, 3.211 
ground plane, 3.204 
Antenna signal propagation, 
velocity, 3.208 
Antenna voltage, 3.193 
Anti-TR boxes, 8.51 
Armstrong oscillators, 3.86 
Armstrong phase 
modulation, 4.62 
Aspect ratio, 4.123 
Atom structure, 3.03 
Attenuation, harmonic, 
3.137 
Attenuator pads, cleaning, 
4.23 
Audio amplifiers, 4.40 
bias, grid-leak, 3.107 
class A, 3.50 
feedback, 4.25 
fidelity, 4.27 
grid-leak bias, 3.107 
transistor. See 
Transistors 
triode, grounded-cathode, 
3.50 
Audio distortion, noise 
produced, 3.104 
Audio-frequency bandwidth, 
4.15 
Audio transformers, 
impedance matching, 
3.40 
Aural center frequency, TV, 
4.123 
Aural transmitter, TV, 4.123 
Aural TV signals, 
polarization, 4.79 
Authorized bandwidth, 3.257 


Authorized frequency, 3.253 
Auto-alarm equipment, radar 


interference, 8-11 
Automatic volume control 
(AVC), 3.157 

AVC, 3.157 


Bandpass switch, AM 
receivers, 3.160 
Band-stop filter, 3.36 
Bandwidth 
a-f, 4.15 
AM emission, 3.140, 
3.141 
AM transmission, 3.163 
authorized, 3.257 
emission, 3.257 
AM, excessive, 3.141 
FM, 3.163 
Public Safety Radio 
Services, 3.263 
Q, effect on, 3.34 
SSSC, 3.152 
Barrier voltage, transistor, 
3.192(R), 3.192(S) 
Base station, 3.253 
Batteries. See also 
Lead-acid cell 
primary cell, 3.226 
secondary ‘cell, 3.226 
storage cells, 3.228 
Battery bias, 3.106 
Battery capacity, 3.234 
Battery care, 3.228 
Battery charging current, 
reversal, 3.231 
Battery discharge rate, 
3.230 
Battery terminals, corrosion 
prevention, 3.233 
Battery voltage, fully 
charged, 3.232 
Beam power tubes, 3.46 
Bearing resolution, 8.63 
Bearings, motor-generator, 
3.243 
Beat-frequency oscillator 
(BFO), 3.158 
Beta, 3.192(C) 
expressed as current 
ratios, 3.192(D) 
Beta cut-off frequency, 
3.192(H) 
Bias, 3.105 
amplifier, 3.122 
amplifier cut-off, 3.52 
battery, 3.106 
cathode 
amplifier operation, 
3.110 


Bias, cathode (cont.) 


cathode resistor, 3.106 


class A amplifiers, 
3.110 
class C amplifiers, 
3.121 
determining, 3.109 
cut-off, 3.52 
forward, 3.183 
grid, from plate circuit 
resistance, 3.108 
grid-leak, in audio 
amplifiers, 3.107 
harmonic generation, 
3.134 
power amplifiers, 3.122 
power supply, 3.106 
reverse, 3.183 
r-f power amplifiers, 
3.122 
r-f voltage amplifiers, 
3.122 
transistors 
base-self, 3.192(T) 
class B, 3.192(R) 
class C, 3.192(S) 
emitter, 3.192(M) 
fixed, 3.192(M) 
voltage divider, 
3.192(N) 
voltage amplifiers, 
3.122 
voltage divider source, 
3.106 
Bidirectional microphones, 
4.18 
Black-and-white television 
synchronizing pulses, 
4.74 
Black-and-white television 
transmission, 4.123 
Blanking level, 4.123 
Blanking pulses 
black-and-white, 4.74 
color, 4.75 
Bleeder resistors, 4.51 
effect on ripple, 3.70 
Blocking oscillators, 8.60 
“‘Break,’’ 2.02(0) 
Break contacts, 3.42 
Bridge rectifiers, 3.66 
nonsynchronous vibrator, 
3.65 
Bright pie sections, 8.20 
Broadcast antennas, tuning, 
4.82 
Broadcast bands 
FM, 4.117 
standard, 4.90 
television, 4.123 
Broadcast channels. See’ 
Broadcast bands 
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Broadcast day, 4.90 
Broadcast stations. See also 


Transmitters 
AGC (audio) amplifiers, 
4.40 
AM, 4.89 
equipment performance 
tests, 4.35 
amplifiers 
limiting, 4.37 
peak-limiting, 4.39 
antennas, directional, 4.66 
antenna sites, 4.65 
antenna tuning, 4.82 
attenuator pads, 4.23 
block diagram, 4.89 
call signs, 2.07(0), 
2.08(M), 2.12(M) 
color TV, 4.89 
communications, 4.105 
compression amplifiers, 
4.41 
crystal ovens, 4.43, 4.44 
definitions, 4.90 
directional antennas, 4.46 
directional patterns, 
controls 4.68 
emergency operation, 
4.105 
FM, 4.89, 4.117 
FM multiplex, 4.89 
frequency tolerance, 
4.13, 4.97 
inspections, 1.06 
Intercity Relay, 4.135 
limiting amplifiers, 4.37 
line equalizers, 4.36 
logs, 4.106-4.109, See 
also Logs 
microphones, 4.17-4.19 
multiplex FM, 4.89 
operating power, 4.50, 
4.102 
operation, 4.89, 4.105 
operator requirements, 
4.100 
peak-limiting amplifiers, 
4.39 
performance measure- 
ments, annual, 4.101 
playback stylus, 4.28 
preamplifiers, 4.24 
standard, 4.90 
television, 4.89 
testing precautions, 2.14(0) 
transmission lines, 
installing, 4.88 
transmitters, coupling, 
4.55, 4.56 
VU meters, 4.21, 4.22 


Broadcast transmitters 


coupling, 4.55, 4.56 


Broadcast transmitters 
(cont.) 
plate modulation, 4.86 
Brush sparking, 3.240 
r-f interference, 3.240 
Buffer r-f amplifiers, 3.98 
coupling, 3.123 


Cal! signs, 2.07(0), 2.08(M), 
2.12(M) 
Calling frequencies, 2.15(M) 
Capacitance, 3.28 
Capacitive coupling, buffer, 
3.123 
Capacitor color code, 3.44 
Capacitor-input filter, 3.69 
Capacitors 
cathode, 3.100 
cathode by-pass, 4.04 
charge, stored, 3.29 
electrolytic, 3.30 
emitter, 3.192(P) 
low-leakage, 3.30 
parallel, 3.29 
series, 3.29 
Carbon microphones, 4.17 
construction, 3.118 
operation, 3.118 
single-button, 3.116 
Carrier, 3.253 
Carrier frequency, 3.138 
Public Safety Radio 
Services, 3.262 
Carrier modulation, 
sideband power 
relation, 4.47 
Carrier power, sideband 
power relation, 4.47 
Carrier shift 
AM, 3.147 
causes, 3.147 
measurement, 4.49 
Cathode bias, 3.109 
amplifier operation, 3.110 
class A amplifiers, 3.110 
class C amplifiers, 3.121 
Cathode by-pass capacitors, 
4.04 
Cathode capacitors, 
removal, 3.100 
Cathode-followers, 3.110 
triode (a-f), 3.50 
Cathode-ray oscilloscope, 
3.85 
measuring amplitude 
modulation, 4.58 
Cathode-ray tubes, 8.20 
handling, 8.68 
Cathode resistor bias, 3.106 
Cavity resonators, 3.251 
Center frequency, 4.117 


Ceramic microphones, 4.17 
Characteristic impedance, 
transmission lines, 
3.213, 3.215 
Charges, capacitor, 3.29 
Charging current, battery, 
3.231 
Choke joints 
flange joints comparison, 
8.34 
operation, 8.35 
Chokes, r-f, 3.120 
Chrominance, 4.123 
Circuit breakers, 4.51 
Circuit elements, affected 
by fields, 3.15 
Circuit parameter at VHF, 
3.133 
Class A amplifiers 
audio, 3.50 
cascaded with current 
feedback, 3.110 
cathode bias, 3.110 
cathode capacitors, 
removing, 3.100 
cathode-foliowers, 3.50, 
3.110 
common-emitter 
transistor, 3.294, 
3.295 
coupling, 3.99 
driving power, 3.111 
efficiency, 3.59 
grid-leak bias, 3.107 
hum, 3.114 
impedance coupling be- 
tween pentodes, 3.99 
input voltage, 3.52 
loudspeaker coupling, 
high-impedance, 3.99 
operation, 3.110 
output current, 3.52 
output transformer, 3.115 
parallel, 3.110 
pentode 
grounded-cathode, 3.50 
resistance coupled, 
3.99, 3.290 
pentode coupling, 3.99 
push-pull, 3.110 
resistance coupling be- 
tween pentodes, 3.99 
self-oscillation, 3.114 
transistor, common- 
emitter, 3.192(M), 
3.294, 3.295 
triode, 3.288, 3.289 
inductively coupled, 
3.99 
Class B amplifiers - 
driving power, 3.111 
efficiency, 3.59 
input voltage, 3.52 
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Class B amplifiers (cont.) 
output current, 3.52 
output transformer, 3.115 
r-f, linear, 4.45 
transistor 

common-emitter, 
3.192(R) 
push-pull, 3.190 

Class C amplifiers 
cathode bias, 3.121 
drive loss, 3.293, 3.298 
efficiency, 3.59 
pentode, 3.291, 3.292 
r-f. See R-f amplifiers, 

class C 
transistor, 3.192(S)— 

; 3.192(U), 3.296, 3.297 

“‘Clear,’’ 2.02(0) 

Coast station, 3.253 
communication with land 

Station, 2.05(M) 

Coaxial antennas, 3.211 
ground plane, 3.204 

Coaxiai lines, waveguides, 

comparison, 8.31. See 
also Transmission lines 

Coaxial waveguide, 8.30 

Cold-cathode tubes, 3.46 

Collector by-pass defects, 

3.276, 3.284, 3.288, 
3.296 

Color codes 
capacitor, 3.44 
resistor, 3.43 

Color television 
blanking pulses, 4.75 
broadcast station, 4.89 
operation, 4.89 
synchronizing pulses, 

4.75 
transmission, 4.123 

Colpitts oscillator, 3.86 

transistor, 3.190, 3.286, 
3.287 

Common-base amplifiers 

compared to vacuum 
tubes, 3.192(J) 

operating characteristics, 
3.192(K) 

Common-collector amplifiers 

compared to vacuum 
tubes, 3.192(J) 

operating characteristics, 
3.192(K) 

Common-emitter amplifiers 

compared to vacuum 
tubes, 3.192(J) 

determining values, 
3.192(M) 

with emitter bias, 3.187 

with fixed bias, 3.184 

operating characteristics, 
3.192(K) 


Common-emitter amplifiers 
(cont.) 
with self bias, 3.186 
transistor r-f, 3.190 
Communications. See Radio 
communications 
Commutators, 3.242 
cleaning, 3.244 
Compression amplifiers, 
4.41 
Conductance, 3.06 
Conductors, 3.04 
Constant-k filters, 3.35, 
3.36 
Copper oxide rectifiers, 3.74 
Corner reflector antenna, 
3.210 
Corona discharge antenna, 
3.203 
Corrosion prevention, 
battery terminal, 
37233 
Coupling 
antennas to broadcast 
transmitters, 4.55, 
4.56 
capacitive to buffer, 
3.123 
class A amplifiers, 3.99 
crystal oscillators, 3.90 
deviation meter to PM 
transmitter, 3.167 
harmonics, 3.134 
impedance, 3.99 
link 
antennas, 3.123 
harmonic response, 
3.134 
transmitter, 3.134 
Marconi antennas, 3.123 
mutual inductance, 4.05 
PNP and NPN amplifiers, 
3.190 
resistive, amplifier, 3.99 
r-f amplifiers, 3.123 
transistor, 3.190 
waveguides, 3.249 
Coupling capacitor, 
transistor amplifier, 
3.192(P) 
Coupling coefficient, 3.27 
Cross-talk, 4.117 
Crystal heaters, 4.43, 4.44 
Crystal microphones, 4.17 
construction, 3.118 
operation, 3.118 
storing, 3.119 
TPTG, 3.279, 3.282 
Crystal oscillators, 3.87 
coupling, 3.90 
feedback, 3.88 
frequency incorrect, 
3.282 


Crystal oscillators (cont.) 
Pierce, 3.86 
TPTG, 3.279, 3.280 
Crystal ovens, 4.43, 4.44 


Crystals 
circuit, equivalent, 4.42 
cleaning, 3.97 


defective, 3.281 

microphones. See 
Crystal microphones 

mixer, defective, 
8.21-8.23 

oscillators. See Crystal 
oscillators 

overtone, 3.95 

quartz 
cleaning, 3.97 
fundamental frequency, 
3.93 

radar, defective, 
8.20-8.23 

resonant frequency, 4.43 

temperature coefficient, 
3.94 

temperature variations, 
permitted, 4.93 

third-mode, 3.95 


Current 
antenna, 3.147, 3.193, 
3.195, 4.90 


average, 3.84 
dipole antennas, 3.193 
leading voltage, 4.01 
output 
class A amplifier, 3.52 
class B amplifiers, 3.52 
r-f amplifiers, 3.52 
vacuum tubes, 3.52 
peak, 3.84 
Current feedback amplifier, 
3.110 
Current gain, transistor, 
3.192(K) 
Current ratio, transformer, 
3.38 
Cut-off bias, 3.52 
Cut-off frequency 
alpha, 3.188, 3.192(G) 
beta, 3.192(H) 


D’Arsonval meter, 3.79 
DAVC, 3.157 
Daytime, definition, 4.90 
D-c motors 
series, speed, 3.237 
shunt, open field, 3.245 
Decibel, 4.20, 4.70 
Decoupling circuits 
harmonics, 3.134 
Decoupling networks, 3.102 
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De-emphasis, 4.63 
Definitions 

alpha, 3.192(A) 

alpha cut-off frequency, 
3.188, 3.192(G) 

amplification factor, 3.54 

antenna current, 4.90 

antenna polarization, 4.69 

antenna power, 4.90 

antenna power gain, 
4.117 

antenna resistance, 4.90 

aspect ratio, 4.123 

audio frequency, 4.15 

aural center frequency, 
TV, 4.123 

aural transmitter, TV, 
4.123 

authorized bandwidth, 
8207 

authorized frequency, 
3.253 

average current, 3.84 

beta, 3.192(C) 

beta cut-off frequency, 
3.192(H) 

blanking level, 4.123 

break, 2.02(0) 

broadcast day, 4.90 

carrier, 3.253 

carrier frequency, 3.138 

carrier shift, 4.49 

center frequency, FM, 
4.117 

characteristic impedance, 
3.213 

chrominance, 4.123 

clear, 2.02(0) 

coast station, 3.253 

color transmission, 4.123 

control point, 3.264 

corona discharge, 3.203 

cross-talk, FM, 4.117 

daytime, 4.90 

decibel, 4.20 

diversity reception, 3.203 

earth station, 3.253 

effective radiated power, 
4.117, 4.123 

electrical length, 3.203 

Emergency Action 
condition, 4.127 

Emergency Action 
Notification, 4.127 

Emergency Action 
termination, 4.127 

Emergency Broadcast 
System (EBS), 4.127 

emission bandwidth, 
3.257 

energy, 3.84 

experimental period, 4.90 

field, TV, 4.123 


Definitions (cont.) 

field intensity, 4.57 

field strength, 3.203, 
4.117 

fixed station, 3.253 

frame, TV, 4.123 

free-space field intensity, 
4.123 

frequency modulation, 
4.117 

FM broadcast band, 4.117 

FM broadcast channel, 


4.117 

FM broadcast station, 
4.117 

frequency swing, FM, 
4.117 

frequency swing, TV, 
4.123 

gain-bandwidth product, 
3.192(1) 

gain factor (transistor), 
4.11 


grid modulation, 4.90 

harmful interference, 
1.20, 3.253 

high-level modulation, 
4.90 

interlaced scanning, 
4.123 

land mobile service, 
3.253 

land station, 3.253 

last radio stage, 4.90 

left signal, FM, 4.117 

left stereophonic channel, 
FM, 4.117 

low-level modulation, 
4.90 

luminance, TV, 4.123 

main channel, FM, 4.117 

mobile service, 3.253 

modulated stage, 4.90 

modulation percentage 

‘AM, 4.90 

FM, 4.117 

modulator stage, 4.90 

monochrome 
transmission, 4.123 

multiplex transmission, 
FM, 4.117 

National Defense Emer- 
gency Authorization 
(NDEA), 4.127 

negative transmission, 
4.123 

nighttime, 4.90 

operating power, 4.90 

out, 2.02(0) 

over, 2.02(0) 

peak current, 3.84 

peak power, TV, 4.123 


Definitions (cont.) 
phonetic alphabet, 2.12(0) 
physical length, 3.203 
pilot subcarrier, FM, 

4.117 
plate input power, 4.90 
plate modulation, 4.90 
plate resistance, 3.55 
polarization, 3.203 
antenna, 4.69 
power, 3.84 
antenna, 4.90 
effective radiated, 
4.117, 4.123 
operating, 4.90 
plate input, 4.90 
power factor, 3.235 
power gain, 3.203 
primary frequency 
standard, 3.253 
Q, circuit, 3.34 
reference black level, 
4.123 
reference white level, 
4,123 
reluctance, 3.17 
repeat, 2.02(0) 
RMS voltage, 3.84 
roger, 2.02(0) 
Say again, 2.02(0) 
SCA, 4.115 
scanning, TV, 4.123 
scanning line, TV, 4.123 
sensitivity, receiver, 
3.161 
space station, 3.253 
STL system, 4.34 
standard broadcast band, 
4.90 
Standard broadcast 
channel, 4.90 
standard broadcast 
station, 4.90 
Standard TV signal, 4.123 
station authorization, 
3.257 
stereophonic separation, 
FM, 4.117 
stereophonic subcarrier, 
FM, 4.117 
stereophonic subchannel, 
4.117 
sunrise, 4.90 
sunset, 4.90 
Surge impedance, 3.213 
synchronization, TV, 
4.123 
television broadcast 
band, 4.123: 
television channel, 4.123 
television transmission 
standards, 4.123 
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Definitions (cont.) 
vestigial sideband 
transmission, 4.123 
visual transmission 
power, 4.123 
words twice, 2.02(0) 
Delayed automatic volume 
control (DAVC), 3.157 
Delta connections, 
transformer, 4.84 
Detection, SSC, 3.154 
Detectors, radar receivers, 
8.53 
Deviation meters 
coupling to PM 
transmitter, 3.167 
frequency measurements, 
3.223 
operation, 3.223 
Diagrams 
absorption wavemeter, 
3.220 
acorn tube, 3.63 
AFC system, 3.164 
AM broadcast station, 
4.89 
AM transmitter, 3.151, 
4.89 
transistor, 3.300 
vacuum-tube, 3.299 
amplifiers. See specific 
amplifiers 
antennas. See specific 
antennas 
Armstrong oscillator, 3.86 
artificial transmission, 
8.58 
beam power tube, 3.46 
BFO, 3.158 
black-and-white TV 
Station, 4.89 
blocking oscillator, 
synchronized, 8.60 
Capacitive reactance tube 
modulator, 3.162 
carbon microphone, 4.17 
carrier shift 
measurement, 4.49 
cascade circuit, 3.65 
cathode follower, 3.50, 
3.110 
cathode follower triode, 
a-f, 3.50 
cathode-ray tube, 8.65 
deflection plates, 3.85 
modulation displays, 
4.58 
ceramic microphone, 4.17 
choke joint, 8.35 
Class A amplifiers 
common-emitter 
transistor, 3.294 


Diagrams, class A amplifiers 
(cont.) 
pentode, 3.290 
push-pull, 3.110 
triode, 3.288 
class B amplifiers 
push-pull, 3.190 
r-f transistor, 3.192(R) 
class C amplifiers 
pentode, 3.291 
r-f power, 4.46 
r-f transistor, 3.192(T), 
3.192(U), 3.296 
coaxial antenna, 3.211 
cold cathode tube, 3.46 
color TV broadcast 
station, 4.89 
Colpitts oscillator, 3.86, 
3.190, 3.286 
common-emitter ampli- 
fiers, 3.187, 3.190 
fixed bias, 3.192(M) 
voltage-divider bias, 
3.192(N) 
corner reflector antenna, 
3.210 
crystal microphone, 4.17 
crystal oscillator, TPTG, 
3.279 
crystal ovens, 4.44 
current feedback 
amplifier, 3.110 
d’Arsonval meter, 3.79 
de-emphasis circuit, 
3.163, 4.63 
delayed AVC circuit, 
3.157 
desensitizing VU meter, 
4.22 
differential-squeich 
circuit, 3.177 
diode, 3.46 
diplexer, bridge type, 
4.81 
discriminator, 3.177 
doubler circuit, 3.65 | 
doublers, frequency, 4.46 
duplexer, 8.41 
dynamic microphone, 4.17 
echo box indications, 8.38 
electron-coupled 
oscillator, 3.86 
electrostatic field between 
unlike charges, 3.14 
filters, 3.36 
FM broadcast station, 
4.62, 4.89 
FM deviation meter, 3.223 
FM discriminator circuit, 
3.223 
FM double-conversion 
receiver, 3.180 


Diagrams (cont.) 


FM mixer circuit, 3.177 
FM modulator, varactor, 
3.162 
FM multiplex broadcast 
transmitter, 4.89 
FM receiver limiter stage, 
3.177 
FM superheterodyne 
receiver, 3.180 
Foster-Seeley 
discriminator, 3.177 
frequency converter, 
radar, 8.46 
frequency multiplier, 
3.131 
FM, 3.168 
frequency-shift keying 
circuits, 3.175 
full-wave rectifier, 3.65 
grid bias, 3.108 
grid-dip meter, 3.219 
grid-modulated amplifier, 
3.145 
grid-neutralizer 
amplifier, 3.125 
grid-neutralized r-f 
amplifier, 4.46 
grounded-cathode triode 
amplifier circuits, 
3.184, 3.187, 3.189 
grounded-grid amplifier, 
3.124 
r-f, 4.46 
triode r-f, 3.50 
half-wave rectifier, 3.65 
harmonic generator, 3.133 
Hartley oscillator, 3.86, 
3.283 
heterodyne frequency 
meter, 3.222 
high-impedance loud- 
speaker coupling, 3.99 
high-level modulated 
transmitter, 3.143 
lp vs. Eg curves, 3.52 
lp vs. Ep Curves, 3.57 
i-f amplifier, FM, 3.177 
image-orthicon tube, 4.71 
impedance coupling be- 
tween tetrodes, 3.99 
lighthouse triode tube, ; 
3.63 ? 
limiter, FM, 3.177 
link coupling, 3.123 
joop-antenna patterns, 
3.199 
low-level modulated 
transmitter, 3.143 
low-level plate-modulated 
transmitter, 3.143 
low-pass filter, 3.35, 3.36 
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Diagrams (cont.) 


magnetron, 3.248, 8.43 
mixer, FM, 3.177 
modulated beam power 
amplifier, 4.85 
modulated triode r-f 
amplifier, 4.85 
modulated wave, 3.142 
modulation measurements, 
oscilloscope, 4.58 
multiplex FM broadcast 
station, 4.89 
multivibrators, 3.86 
negative feedback, 4.26 
nonsynchronous vibrator, 
bridge rectifier, 3.65 
NPN junction transistor, 
3.183 
oscillators. See specific 
oscillators 
oscilloscope deflection, 
3.85 
parallel amplifiers, 3.110 
parallel r-f power 
amplifier, 4.46 
parasitic array, 3.210 
pentode, 3.46 
pentode acorn tube, 3.63 
pentode amplifier, a-f, 
3.50 
phase inverters, 3.110 
phase-modulated FM 
transmitter stages, 
3.168 
phase-modulated 
transmitter, 3.176 
phase-modulated wave 
generation, 3.165 
phase modulator, 
varactor, 3.165 
pi resistor network, 3.08 
picture amplitude 
characteristics, 4.76 
Pierce oscillator, 3.86 
plate-modulated 
transmitter, 3.143 
plate-neutralized 
amplifier, 3.125 
r-f, 4.46 
PNP common-emitter 
amplifier, 3.184 
PNP junction transistor, 
3.183 
PPI presentation, 8.67 
pre-emphasis circuit, 
3.163, 4.63 
push-pull amplifier, 3.110 
neutralized, 3.125 
pentode, a-f, 3.50 
r-f power, 4.46 
push-pull frequency 
doubler, 4.46 


Diagrams (cont.) 
push-pull frequency 
multiplier, 3.129 
quarter-wave antenna, 
3.209 
quartz crystal equivalent, 
4.42 
radar duplexer system, 
8.40 
radar receiver, 8.42 
mixer circuit, 8.46 
radar servo system, 8.69 
radar set, 8.39 
radiation patterns, 
quarter-wave antenna, 
3.198 
radiotelephone 
transmitter, 4.54 
range marker system, 
8.64 
ratio detector, 3.178 
reactance-tube moduiator, 


3.162, 4.60 
rectifier filter system, 
3.68 


reflex klystron, 8.48 

remote cut-off tube, 3.46 

resonant cavities, 3.251 

r-f doubler stage, 3.131 

rhumbatron cavity, 3.251 

ribbon microphone, 4.17 

RLC circuit, 3.09 

sawtooth generators, 4.07 

secondary frequency 
standard, 3.221 

second detector, 3.157 

sine waves, 3.19 

Single-button carbon 
microphone, 3.116, 
4.17 

Single-loop antenna, 
3.210 

speech amplifier with 
pre-emphasis, 3.168 

SSSC transmitter, 3.153 

stacked array, 3.210 

storage cell, 3.226 

stub tuning, 3.217 

superheterodyne AM 
receiver, 3.155 

synchronous vibrator, 
3.65 

tetrode r-f power 
amplifier, 4.46 

thyratron, 3.46 

tone control circuits, 
3.113 

TPTG oscillator, 3.86, 
3.279 

TR tube, 8.51 

transistor amplifiers 
common-emitter, 
3.192(M), 3.192(N) 


Diagrams, transistor 
amplifiers (cont.) 
compared to vacuum 

tube types, 3.192(J) 
r-f class B, 3.192(R) 
r-f class C, 3.192(T), 

3.192(U) 
transistor diode 
equivalent circuits, 
3.301 
transistors 
AM transmitter, 3.300 
Armstrong oscillator, 
3.86 
blocking oscillator, 
8.60 
class B, r-f push-pull 
amplifier, 3.190 
Colpitts oscillator, 
3.190, 3.286 
multivibrator, 3.86 
Pierce oscillator, 3.86 
sawtooth generator, 
4.07 


transmitters. See specific 


transmitters 
traveling-wave tube, 
3.257 
traveling-wave tube 
amplifier, 3.247 
triode amplifier, 
grounded-cathode, 
3.50 
triode, 3.46 
triode frequency 
doubler, 4.46 
turnstile antenna, 4.78 
TV broadcast station, 4.89 
TV pulses 
black-and-white, 4.74 
color, 4.75 
TV synchronizing 
waveforms, 4.126 
vacuum-tube AM 
transmitter, 3.299 
vacuum-tube oscillator, 
crystal-controlled, 
3.86 
vacuum-tube voltmeter, 
3.79 
varactor FM modulator, 
3.162 
varactor phase 
modulator, 3.165 
V-beam antenna, 3.210 
vectors, 3.20 
vertcial-loop antenna, 
3.210 
vidicon tube, 4.72 
voice-modulated, 
phase-modulated 
FM transmitter, 3.176 
voltage doubler, 3.65 
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Diagrams (cont.) 
voltage reguiator tubes, 
3.75 
wattmeter, 3.79 
waveguides, 8.32 
whip antenna, 3.211 
Dielectrics 
effect on capacitance, 
3.28 
solid, 3.218 
Differential squelch circuit, 
3.177 
Diodes, 3.46 
high-vacuum, 3.74 
mercury-vapor, 3.74 
shot-effect noise, 4.08 
Diplexers 
bridge type, 4.81 
TV transmitter, 4.80, 4.81 
Dipole antennas 
current, 3.193 
impedance, 3.194 
voltage, 3.193 
Directional antennas, 4.66 
Directional couplers, TV 
transmitters, 4.77 
Directional pattern, 4.67 
controls, 4.68 
Discriminators 
FM receiver, 3.177 
radar receivers, 8.52 
Distortion, 3.288, 3.289, 
3.294 
amplifier, 3.52, 3.57, 
3.103, 3.104 
audio, noise produced, 
3.104 
Distress messages 
frequency, 2.01(M) 
information, 2.03(M) 
meaning, 2.06(M) 
operator action, 2.02(M) 
responsibility, 2.06(M) 
sending, 2.02(M) 
words used, 2.02(M) 
Diversity reception, 3.203 
Double-conversion FM 
receiver, alignment, 
3.180 
Doublers 
Class of operation, 3.132 
FM, 3.168 
harmonic generator, 3.131 
push-pull, 3.130 
push-push, r-f class C 
amplifiers, 4.46 
Duplexer system radar, 
8.40, 8.41 
Duo-triodes, 3.46 
Dynamic instability (AM), 
3.146 
Dynamic microphone, 4.17 
Dynamotors, 3.235 


Earphones, 3.117 
Earth station, 3.253 
Echo box, 8.38 
Effective radiated power, 
4.64, 4.117, 4.123 
Efficiency, amplifier, 3.59 
EHF, 3.254 
Electrical energy, 3.05 
Electrical length, antenna, 
3.203 
Electrical power, 3.05 
Electric current flow, 3.02, 
3.03 
Electric fields, antenna, 
3.196 
Electrolytic capacitors, 3.30 
Electromagnetic fields, 3.14 
effect on circuit 
elements, 3.15 
Electromagnets, force lines, 
3.25 
Electromotive force (emf), 
3.01, 3.16 
Electrostatic fields, 3.14 
Electron-coupled oscillator, 
3.86 
Electrons in conductors, 
3.04 
Electron tubes. See Vacuum 
tubes and also 
specific types 
Emergency Action Condition, 
4.127 
Emergency action 
Notification, 4.127 
Emergency Action 
Termination, 4.127 
Emergency Broadcast 
Services, 4.127, 
4.129, 4.131 
Emergency Action 
Notification signal, 
4.128 
station identification, 
4.130 
tests, 4.132 
Emergency Broadcast 
System (EBS), 4.127 
Emergency Broadcast 
System Checklist , 
4.127 
Emergency Broadcast 
System Plan, 4.127 
Emf, 3.01, 3.16 
Emission bandwith, 3.257 
FM, 3.163 
Emission designations, 
3.255 
Emissions, secondary, 3.53 
Emitter capacitor, 
calculation, 3.192(P) 
Energy, 3.84 
electrical, 3.05 


Equalizing pulses, TV, 4.74 
Equipment performance 
tests 
AM broadcast stations, 
4.35 
FM broadcast stations, 
4.35 
Etched wiring, maintenance, 
3.191 
Experimental period, 4.90 


FCC licenses 
applying, 1.03 
exhibiting, 2.13(0) & (M) 
FM, 4.112 
grade, 1.02 
loss, 1.04 
obtaining, 1.01 
renewal, 1.07 
suspension, 1.15, 1.18 
term, 1.05 
violation, 1.17 
Feedback, 4.25 
audio amplifiers, 4.25 
crystal oscillator, 3.88 
current, 4.26 
negative, 4.25 
current, 4.26 
voltage, 4.26 
voltage, 4.26 
Fidelity, importance, 4.27 
Field, TV, 4.123 
Field-effect transistor, 3.86 
Field intensity 
antenna, 4.57 
free-space, 4.123 
transmitter, 3.203(A) 
Field strength, 4.117 
antenna, 3.203, 3.203(A) 
Fields 
antenna, 3.196, 3.197 
electromagnetic, 3.14, 
3.15 
electrostatic, 3.14 
magnetic, 3.16 
Filament reactivation, 3.51 
Filament tubes and indirect 
heater, 3.49 
Filter chokes, 3.69 
Filters 
band-stop, 3.36 
constant-k, 3.35, 3.36 
full-wave choke-input, 
3.65 
half-wave capacitive 
input, 3.65 
high-pass, 3.36 
low-pass, 3.35, 3.36 
m-derived, 3.35, 3.36 
use, 3.36 
Final amplifier. See R-f 
amplifiers 


635 


Fixed station, 3.253 
Flange joints, 8.34 
FM. See also Frequency 
modulation 
FM antenna sites, 4.65 
FM bandwidth, 3.163 
FM broadcast band, 4.117 
FM broadcast station, 4.117 
equipment performance 
tests, 4.35 
multiplex, 4.89 
FM center frequency, 4.117 
FM cross-talk, 4.117 
FM double-conversion 
receiver, 3.180 
FM emission bandwidth, 
3.163 
FM harmonics, 3.171 
FM i-f amplifiers, 3.177 
FM limiters, 3.177 
FM mixers, 3.177 
FM modulator, varactor, 
3.162 
FM multiplex broadcast 
station, 4.89 
FM multiplex transmission, 
4.117 
FM operating power, 4.113 
FM pilot subcarrier, 4.117 
FM power amplifiers, 3.168 
FM ratio detector, 3.178 
FM reactance-tube 
modulator, 3.162, 
3.164, 4.60 
FM receivers 
differential squelch 
circuit, 3.177 
discriminators, 3.177 
double-conversion, 
alignment, 3.180 
i-f amplifiers, 3.177 
interference, vehicular, 
3.181 
limiters, 3.177 
mixers, 3.177 
spurious signals, 3.179 
FM reception, 4.59 
narrow-band, 3.169 
wide-band, 3.169 
FM sidebands, 3.163 
FM speech amplifier with 
pre-emphasis, 3.168 
FM stereo, 4.117 
FM transmission, 4.59 
in AM transmitter, 3.150 
multiplex, 4.117 
FM transmitters 
retuning, 3.172 
testing, 4.111 
tolerance, 3.173 
FM tripler, detuned, output 
frequency effect, 
3.170 


Forward bias, 3.183 
Frame, TV, 4.123 
Free-space field intensity, 
4.123 
Frequencies. See also 
Frequency 
audio, 4.15 
aural center, 4.123 
authorized, 3.253 
calling, 2.15(M) 
carrier, 3.138 
Public Safety Radio 
Services, 3.262 
FM center, 4.117 
long distance 
communications, 
3.206 
radar, 8.07 
resonant, crystal, 4.43 
signal, 3.156 
working, 2.15(M) 
Frequency bands, 3.254 
Frequency converter, radar, 
8.46 
Frequency doublers. See 
also Doublers 
push-push, 4.46 
triode, 4.46 
Frequency measurements 
absorption wavemeter, 
3.220 
FM deviation meter, 
3.223 
grid-dip meter, 3.219 
harmonic attenuation of 
transmitter, 3.224, 
3.225 
heterodyne frequency 
meter, 3.222 
resistance bridge, 4.14 
secondary frequency 
standard, 3.220 
Frequency modulation. See 
also FM 
in AM transmitter, 3.150 
antenna current, variation 
with grid bias, 3.174 
de-emphasis, 4.63 
deviation meter, 3.167, 
3.223 
emission bandwidth, 
3.163 
frequency multipliers, 
3.168 
frequency swing, 4.117 
frequency tolerance, 
4.114 
left stereophonic signal, 
4.117 
license requirements, 
4.112 


Frequency modulation (cont.) 
main channel, 4.117 
modulation percentage, 
4.117 

performance 
measurements, 
annual, 4.110 

phase-modulated 
transmitter, 3.176 

phase modulation, 3.165, 
4.61 

pre-emphasis, 3.163, 4.63 

stereophonic separation, 
4.117 

stereophonic subcarrier, 
4.117 

Frequency multipliers 
doublers, 3.132 
FM, 3.168 
harmonic generator, 

3.131 
push-pull, r-f amplifiers, 
3.129, 3.130 
push-push, 3.129 

Frequency response 
tape recorder, 4.33 
turntables, 4.33 

Frequency shift, 3.146 

Frequency standard, 

secondary, 3.220, 
3.221 

Frequency swing 
FM, 4.117 
TV, 4.123 

Frequency tolerance 
broadcast station, 4.13, 

4.97 
TV, 4.121 
Full-wave choke-input 
filters, 3.65 
Full-wave rectifiers, 3.65 


Gain 
amplifier, 3.54 
power, antenna, 3.203 
small signal, transistor, 
3.192(E), 3.192(F) 
triode amplifier, 4.09 
voltage, 3.56 
Gain-bandwidth product, 
3,192(1) 
Gain factor, transistor, 4.11 
Generators 
a-c, output voltage, 3.241 
commutators 
Cleaning, 3.244 
purpose, 3.242 
r-f interference, 3.240 
shunt d-c, 3.238 
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Generators (cont.) 
sparking, 3.240 
Grid bias, 3.108. See also 
Bias 
Grid-dip meter, frequency 
measurements, 3.219 
Grid-leak bias, 3.86, 3.272, 
3.274, 3.277, 3.279, 
 3.291-3.293, 3.296- 
3.298, 4.46 
audio amplifiers, 3.107 
Class A amplifiers, 3.107 
Grid-modulated amplifiers, 
3.145 
Grid modulation, 3.143, 4.90 
TV transmitters, 4.86 
Grid neutralization, 4.46 
Grid-neutralized r-f 
amplifier, 4.46 
Ground plane 
coaxial antenna, 3.204 
whip antenna, 3.204 
Ground radials, antenna, 
4.70 
Ground waves, 3.201, 3.202 
Grounded-cathode triode 
amplifier (a-f), 3.50 
Grounded-grid amplifier, 
3.124 
Grounded-grid r-f 
amplifiers, 4.46 
Grounded-grid triode (r-f) 
amplifier, 3.50 
Guy wires, antenna, 3.212 


Half-wave capacitor-input 
filter, 3.65 
Half-wave rectifier, 3.65 
Harmful interference, 1.20, 
3.253 
Harmonic attenuation, 3.224 
transmission, 3.137, 
3.224, 3.225 
tuned circuits, 3.134 
Harmonic coupling, 3.134 
Harmonic generation, bias, 
3.134 
Harmonic generator, 3.131 
Harmonics 
decoupling circuits, 3.134 
shielding effect, 3.134 
Hartley oscillators, 3.86 
transistor, 3.283-3.285 
Headphones, 3.117 
Heaters, crystal, 4.43, 4.44 
Heterodyne-frequency 
meter, 3.222 
HF, 3.254 
High fidelity, 4.27 


High-level modulation, 
3.143, 4.90 
High-vacuum diodes, 3.74 
Hum, 3.289, 3.299 
class A amplifiers, 3.114, 
3.295 


lp vs. Eg curves, 3.52 
Ip vs. Ep curves, 3.57 
!-f amplifiers, FM, 3.177 
Image frequency, 3.156 
Image-orthicon tube, 4.71 
Impedance, 3.06 
a-c circuits, 4.03 
antennas, 3.194 
characteristic (surge), 
3.213, 3.215 
dipole antennas, 3.194 
parallel circuits, 3.33 
series circuits, 3.33 
surge, 3.213, 3.215 
Impedance coupling, 3.99 
Impedance matching, 3.12 
transmitter, 3.214 
Impedance ratio, 
transformer, 3.13 
Inductance 
mutual, 4.05 
transformer action, 3.26 
permeability, 3.24 
phase effect, 3.18 
wire turns, 3.24 
Inductance coupling, 
amplifier, 3.99 
Induction motors, speed, 
3.237 
Inert gas in transmission 
line, 4.87 
input resistance transistor, 
3.192(K) 
Input voltage, 3.52 
Inspections, broadcast 
stations, 1.06 
Insulators, 3.37 
intelligibility, signal, 3.149 
intercity Relay broadcast 
stations, 4.135 
antennas, 4.136 
Interference 
AM receivers, 3.181 
brush sparking, 3.240 
communication, 1.13 
FM receivers, 3.181 
harmful, 1.20 
radar, 8.09-8.18. See also 
Radar, interference 
radio 
communications, 1.13 
vehicular, 3.181 


Interference (cont.) 
r-f, 3.240 
vehicular, 3.181 
Interlaced scanning, 4.123 
interlacing, 4.73 
Interlocks, 4.51 
Intermodulation, 
transmitter, 3.135 
lonosphere, skip zone, 
3.200 
lron-core transformers, 
3.38, 3.39, 3.41, 3.103 


Junction-tetrode transistor, 
3.192 


Klystrons 
operation, 3.246 
radar set, 8.47 
reflex, 8.48 


Land mobile service, 3.253 
Land stations, 3.253 
communication with coast 
Station, 3.05(M) 
Last radio stage, 4.90 
Lead-acid cells. See also 
Batteries 
care, 3.228 
electrolyte composition, 
2.226 
sulphation, 3.229 
Left stereophonic signal, 
FM, 4.117 
LF, 3.254 
Licenses 
FCC. See FCC licenses 
station. See Station 
licenses 
Lighthouse triodes, 3.63 
Lightning, modulation, 
3.207 
Limiters, FM, 3.177 
Limiting amplifiers, 4.37 
Line equalizers, 4.36 
Linear r-f amplifiers, 3.144, 
4.45 
Lines of force, 3.25 
Link coupling 
antennas, 3.123 
harmonic response, 3.134 
r-f amplifiers, 3.123 
transmitter, 3.134 
Loading coils, antenna, 
3.205 
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Logs, 1.08 
AM, signing, 4.106 
broadcast stations, 
4.106-4.109 
corrections, 1.09, 1.10 
entries, AM, 4.107 
Public Safety Radio 
Services, 3.269 
remote pickup station, 
4.134 
SCA, 4.116 
television, 4.122 
tower lighting, 4.144 
TV station, 4.122 
Long distance com- 
munications, 3.206 
Loop antennas, 3.199, 3.210 
Loran equipment, radar 
interference, 8.14, 
8.16 
Loudspeakers, coupling, 
class A amplifiers, 
3.99 
Low-level modulation, 
3.143, 4.90 
Low-pass filters, 3.35, 3.36 
Luminance, 4.123 


Magnetic fields, 3.16 
Magnetic lines of force, 
3.25 
Magnetrons, 8.45 
cross-section, 8.43 
defective, 8.23 
handling, 8.24 
operation, 3.248, 8.44, 
8.49 
weak magnet, 8.23 
Main channel, FM, 4.117 
Marconi antennas, coupling, 
3.123 
M-derived filters, 3.35, 
3.36 
Mercury-vapor diodes, 3.74 
Messages 
contents, 1.16 
prohibited transmissions, 
1.12 
rebroadcasting, 1.11 
Meters 
ammeters 
remote antenna, 4.92 
arbitrary scale, 9.03 
d’Arsonval, 3.79 
deviation, 3.167, 3.223 
grid-dip, 3.219 
heterodyne-frequency, 
3.222 


Meters (cont.) 
milliammeters 
shunt, 3.82 
voltmeter conversion, 
3.81 
plate-current, 4.91 
wattmeters, power 
measurements, 3.80 
VIVM, 3.79, 3.83 
voltmeters, power 
measurements, 3.80 
VU 
desensitizing, 4.22 
transmission line, 4.21 
MF, 3.254 
Microphones 
bidirectional, 4.18 
broadcast stations, 
4.17-4.19 
carbon, 4.17 
construction, 3.118 
operation, 3.118 
single-button, 3.116 
ceramic, 4.17 
crystal, 4.17 
construction, 3.118 
* operation, 3.118 
storing, 3.119 
dynamic, 4.17 
noisy locations, use, 
2.03(0) 
omnidirectional, 4.18 
phasing, 4.18 
ribbon, 4.17 
shouting effect, 2.04(0) 
unidirectional, 4.18 
Microwave equipment 
anti-TR boxes, 8.51 
cavity resonators, 3.251, 
3.252 
choke joints 
vs. flange joints, 8.34 
operation, 8.35 
klystrons. See Klystrons 
magnetrons. See 
Magnetrons 
moisture in waveguides, 
3.252 
radar antenna, 8.32 
radar frequency 
converter, 8.46 
reflex klystrons. See 
Klystrons, reflex 
traveling-wave tube, 
3.247 
TR boxes, 8.51 
waveguides. See 
Waveguides 
Milliammeters 
shunt, 3.82 
voltmeter conversion, 
3.81 


Mixer circuits, 8.46 
Mixer crystals, defective, 
8.21-8.23 
Mixers 
FM receivers, 3.177 
radar receivers, 8.46 
Mobile service, 3.253 
Modulated-beam power 
amplifier, 4.85 
Modulated circuits, 3.143 
Modulated stage, 4.90 
Modulated transmitters, 
3.143 
Modulated-triode r-f 
amplifier, 4.85 
Modulation, 3.299, 3.300 
amplitude. See Amplitude 
modulation 
frequency. See Frequency 
modulation 
grid, 3.145, 4.86, 4.90 
high-level, 3.143, 4.90 
in lightning, 3.207 
low-level, 3.143, 4.90 
measuring by 
oscilloscope, 4.58 
percentage. See 
Modulation percentage 
phase, Armstrong method, 
4.62 
plate, 3.145, 4.90 
broadcast transmitters, 
4.86 
in static, 3.207 
voice, 3.148 
Modulation percentage 
AM, 3.141, 4.90, 4.103 
Public Safety Radio 
Services, 3.264 
FM, 4.117 
by oscilloscope, 4.58 
waveform envelope, 3.142 
Modulators, 4.85 
AM, output, average, 
3.148 
FM varactor, 3.162 
phase, varactor, 3.165 
reactance-tube, 3.162, 
4.60 
stability, 3.164 
Modulator stage, 4.90 
Monochrome television. 
See Black-and-white 
television 
Motor-generators 
bearings, 3.243 
electronic power supply 
comparison, 3.236 
Motors 
commutators, 3.242 
cleaning, 3.244 
induction, speed, 3.237 
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Motors (cont.) 
series d-c, speed, 3.237 
shunt d-c, open field, 
3.245 
synchronous, speed, 
3.237 
Multiplex, 4.117, 4.118 
subsidiary communica- 
~ tions, 4.118 
Multiplex FM broadcast 
station, 4.89 
Multiplex transmission, FM, — 
4.117 
Multivibrators, 3.86 
Mutual inductance 
total inductance effect, 
4.05 
transformer action, 3.26 


National Defense Emer- 
gency Authorization 
(NDEA), 4.127 

Negative current feedback, 
4.26 

Negative feedback, 4.25 

Negative transmissigqn, 
4.123 

Negative voltage feedback, 
4.26 

Neutralization, 3.125, 3.128 

grid, 4.46 

plate, 4.46 

r-f amplifiers, 3.125, 

3.128 

triode r-f amplifier, 4.85 
Nighttime, definition, 4.90 
Noise 

audio distortion, 3.104 

resistance, 4.08 

shot-effect, 4.08 

vacuum-tube, 3.101 

Nonconductors, 3.04 

Nonsynchronous vibrator 
bridge rectifier, 3.65 

NPN semiconductors, 3.182 

NPN transistors, direct 
coupled to PNP, 3.190 


Omnidirectional 
microphones, 4.18 
Operating power, 4.90 
AM transmitters, 3.195 
broadcast stations, 4.50, 
4.102 
TV transmitters, 4.124 
Operator license. See FCC 
licenses 


Operator requirements 
broadcast station, 4.100 
TV station, 4.120 

Oscillations 
determining, 3.91 
parasitic 

detection, 3.92, 3.126 
prevention, 3.92 

Oscillators 
Armstrong, 3.86 
beat frequency, 3.158 
blocking, 8.60 
Colpitts, 3.86 

transistor, 3.190, 3.286 
crystal 
advantages, 3.87 
coupling, excessive, 
3.90 
excessive feedback, 
3.88 
Pierce, 3.86 
TPTG, 3.279, 3.282 
electron-coupled, 3.86 
frequency, 3.156 
Hartley, 3.86 
transistor, 3.283-3.285 
multivibrators, 3.86 
parasitic 
detection, 3.92 
prevention, 3.92 
testing for, 3.126 
Pierce, 3.86 
quartz crystal frequency, 
3.93 
Stability, 3.96 
test for operation, 3.277 
TPTG, 3.86, 3.270-3.276, 
3.279, 3.282 
transistor 
Armstrong, 3.86 
blocking, 8.60 
Colpitts, 3.190, 3.286 
Hartley, 3.283, 3.284, 
3.285 
multivibrator, 3.86 
Pierce, 3.86 
weak output, 3.278, 
3.287 

Oscilloscopes 
deflection, 3.85 
modulation 

measurements, 4.58 
percentage, 4.58 

“Out,’’ 2.02(0) 

Output current, 3.52 

Output resistance, 

transistor, 3.192(K) 

Output transformers, 3.115 
saturation, 3.103 

Output voltage, vacuum 

tube, 3.52 

“Over,’’ 2.02(0) 


Overmodulation, AM, 3.141 
Overtone crystal, 3.95 
Oxide on tape head, 4.29 


Pads, attenuator, cleaning, 
4.23 
Parabolic reflectors, 8.36, 
8.37 
Parallel circuits, impedance, 
3.09(C), 3.33 
Parasitic arrays, 3.210 
Parasitic oscillations 
detection, 3.92, 3.126 
prevention, 3.92 
Peak current, 3.84 
Peak-inverse rating, 3.73 
Peak-limiting amplifiers, 
4.39 
Peak power 
radar, 8.62 
TV, 4.123 
Peak-to-peak values, 4.83 
Peak values, 4.83 
Pentode amplifiers, a-f, 
3.50 
Pentodes, 3.46 
class A amplifiers 
grounded-cathode, 3.50 
resistance coupled, 
3.99, 3.290 
class C amplifiers, 3.291, 
3.292 
coupling, class A 
amplifiers, 3.99 
push-pull, class B 
amplifiers, 3.143 
Percentage of modulation. 
See Modulation 
percentage 
Permeability, 3.24 
Phase, circuit, 3.18 
Phase inverters, 3.110, 
3.112 
Phase-modulated 
transmitters, 3.176 
Phase modulation, 3.165 
Armstrong method, 4.62 
FM, comparison, 4.61 
producing, 4.62 
Phase modulator, varactor, 
3.165 
Phasitron, 4.62 
Phonetic alphabet, 2.12(0) 
Physical length, antenna, 
3.203 
Pickup, frequency response, 
testing, 4.33 
Picture transmission, 
amplitude charac- 
teristics, 4.76 
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Pie flashing, PPI, 8.20 
Pierce oscillators, 3.86 
Pilot subcarrier, 4.117 
Pi-resistor network, 3.08 
Pian position indicator. 
See PPI 
Plate by-pass defects, 
3.276, 3.284 3.288, 
3.296 
Plate-current meter, 4.91 
Plate-current saturation, 
3.52 
Plate-input power, 4.90 
Plate-load resistance, 3.57 
Plate-modulated transmit- 
ters, low-level, 3.143 
Plate modulation, 3.145, 
4.90 
broadcast transmitter, 
4.86 
Plate neutralization, 4.46 
of r-f amplifier, 4.46 
Plate resistance, 3.55 
Playback stylus, 4.28 
PM. See Phase modulation 
PNP transistors, direct 
coupled to NPN, 3.190 
Polarization 
antenna, 3.203, 4.69 
aural TV signals, 4.79 
Potential difference, 3.01 
Power, 3.84 
antenna, 3.203, 4.90 
effective radiated, 4.117, 
4.123 
transmitters, 4.64 
electrical, 3.05 
operating, 4.90 
AM transmitters, 3.195 
peak, TV, 4.123 
plate-input, 4.90 
sideband, 3.149 
SSSC, 3.152 
Power amplifiers, 3.168 
linear, 3.144 
link coupled to antenna, 
3.168 
modulated-beam, 4.85 
r-f, linear, 3.144 
r-f class C, 4.46 
Power factor, 3.235 
Power gain 
antenna, 3.203, 4.117 
transistor, 3.192(K) 
Power supplies 
bias, 3.106 
bleeder resistors, 3.70, 
4.51 
blue haze, rectifier, 3.78 
bridge rectifier, 3.66 
capacitor-input filter, 3.6¢ 
choke-input filter, 3.69 


Power supplies (cont.) 
copper oxide rectifier, 
3.74 
doublers, silicon diode, 
3.65 
filter choke, large 
current effect, 3.69 
full-wave choke-input 
filter, 3.65 
half-wave capacitive- 
input filter, 3.65 
high-vacuum diodes, 3.74 
mercury-vapor diodes, 
3.74 
motor-generators, 
comparison, 3.236 
nonsynchronous vibrator 
bridge rectifier, 3.65 
peak-inverse rating, 3.73 
rectifier plates, 3.76, 
3.77 
selenium rectifier, 3.74 
silicon rectifiers, 3.74 
swinging chokes, 3.67 
synchronous vibrator, 
3.65 
voltage regulation, 3.72 
voltage-regulator tube, 
3.75 
PPI (plan position indicator) 
echo box indication, 8.38 
pie flashing, 8.20 
range-marker circles, 
8.64 
PPI tube, 8.67 
Preamplifiers, 4.24 
Pre-emphasis circuit, 
3.163, 4.63 
Primary cell, 3.226 
Primary current, 3.39 
Primary frequency 
standard, 3.253 
Printed circuits 
maintenance, 3.191 
repairing, 4.10 
Profanity, operator’s 
action, 2.09(0) 
Proofs of performance, 4.35 
Public Safety Radio Services 
application forms, 3.260 
bandwidth, 3.263 
carrier frequency 
tolerance, 3.262 
control point, 3.264 
identification, 3.267 
modulation percentage, 
AM, 3.264 
operation without 
authorization, 3.258 
records, 3.269 
transmitter measurement, 
3.266, 3.267 
Pulse rate, radar, 8.59 


Push-pull class A 
amplifier, 3.110 

Push-pull frequency 
multipliers, r-f 
amplifiers, 3.129, 
3.130 

Push-pull pentode 
amplifier, a-f, 3.50 

Push-pull r-f amplifiers, 
4.46 

Push-push frequency 
doublers, r-f class C 
amplifier, 4.46 


Q, circuit, 3.34 
Quarter-wave antennas 
radiation pattern, 3.198 
series feeding, 3.209 
shunt feeding, 3.209 
Quartz crystals 
cleaning, 3.97 
fundamental frequency, 
3.93 


Radar, 8.39 
afc crystal, defective, 
8.20 
anti-TR boxes, 8.51 
bearing resolution, 8.63 
blocking oscillator, 8.60 
bonding installations, 
8.19 
bright pie sections, 8.20 
cathode-ray tubes, 8.20 
handling, 8.68 
choke joints, 8.35 
comparison to flange 
joints, 8.34 
duplexer system, 8.40, 
8.41 
echo boxes, 8.38 
flange joints/choke 
joints comparison, 
8.34 
heading flash, 8.64 
klystrons. See Klystrons 
license requirements, 
8.01 
magnetrons. See 
Magnetrons 
mixer circuits, 8.46 
mixer crystal, defective, 
8.20, 8.23 
parabolic reflector, 8.36, 
8.37 
peak power, 8.62 
PPI tube, 8.67 
flashing, 8.20 
fuses, replacing, 8.08 
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Radar, PPI tube (cont.) 
tubes, replacing, 8.08 
pulse rate, 8.59 
range determination, 8.56 
range-marker circles, 
8.64 
rotary spark gap, 8.61 
sea return, 8.54 
sensitivity time control, 
8.55 
silicon crystals, 8.49 
synchro system, 8.69 
TR and anti-TR boxes, 
8.51 
waveguides. See 
Waveguides 
Radar adjustments, 8.25 
Radar antennas, 8.37 
location, 8.27 
waveguide feed, 8.32 
Radar beam, 8.36 
Radar detectors, 8.53 
Radar discriminators, 8.52 
Radar frequency bands, 
8.07 
Radar frequency converter, 
8.46 
Radar installation and 
maintenance record, 
8.04, 8.05 
Radar interference, 8.18 
auto-alarm equipment, 
8.11 
direction finders, 8.11, 
8.13 
long-line, 8:15 
loran equipment, 8.14, 
8.16 
motor-generators, 8.17 
spikes, 8.16 |. 
radio receivers, 8.09, 
8.10, 8.12, 8.16 
Radar operation, 8.02, 8.03, 
8.40 
Radar receviers 8.42 
intermediate frequencies, 
8.50 
mixers, 8.46 
Radar records, 8.04, 8.05 
Radar reflectors, 8.61 
Radar repair, 8.25 
Radiation pattern, quarter- 
wave, antenna, 3.198 
Radio communications 
interference, 1:13 
priorities, 1.14 
Radio direction finding 
equipment, radar 
interference, 8.11 
Radio interference. See 
Interference 
Radio operation. See aiso 
Broadcast stations 


Radio operation (cont.) 
exhibiting license, 
2.13(M) 
interference, 1.13 
message contents, 1.11, 
e216 
procedures, 2.07(M) 
rebroadcasting, 1.11 
ship operator licenses, 
2.13(M) 
station license, 2.10(0) 
transmitter 
unattended, 2.01(0) 
Radio receivers, radar 
interference, 8.09, 
8.10, 8.12, 8.16 
Radio stations. See 
Broadcast stations 
Radio transmitters. See 
Transmitters 
Radiotelephone messages, 
2.09(M) 
Radiotelephone transmitter, 
4.54 
Random noise, tube, 3.101 
Range-marker circles, 8.64 
Ratio detector, 3.178 
RC networks, 3.21 
RC time constant, 3.21 
Reactance-tube modulators, 
3.162, 4.60 
stability, 3.164 
Reactivation, 3.51 
Rebroadcast messages, 
1.11 
Receivers 
AM. See AM receivers 
FM. See FM receivers 
signal frequency, 3.156 
spurious signals, 3.179 
SSSC, 3.153 
Receiver selectivity, 3.161 
Receiver sensitivity, 3.161 
Reception 
AM, 4.47 
diversity, 3.203 
FM, 3.169, 4.59 
Rectifier plates, 3.76, 3.77 
Rectifiers 
bridge, 3.66 
nonsynchronous 
vibrator, 3.65 
copper oxide, 3.74 
full-wave, 3.65 
half-wave, 3.65 
selenium, 3.74 
silicon, 3.74 
Reference black level, 
4.123 
Reference white level, 
4.123 
Reflectometers, TV 
transmitters, 4.77 


Reflectors, parabolic, 8.36, 
8.37 
Reflex klystrons, 8.48 
Relays 
break contact, 3.42 
contacts, cleaning, 4.52 
make contact, 3.42 
overload operation, 4.53 
recycling operation, 4.53 
time-delay operation, 4.53 
Reluctance, 3.17 
Remote antenna ammeters, 
4.92 
Remote-control 
transmitters, 4.98 
Remote cut-off tube, 3.46 
Remote pickup station, log, 
4.134 
“Repeat,”’ 2.02(0) 
Resistance, 3.06 
antenna, 4.90 
plate, 3.55 
plate load, 3.57 
Q, effect on, 3.34 
wire, 3.10, 3.11 
Resistance bridge, 4.14 
Resistance noise, 4.08 
Resistive coupling, 3.199 
Resistor color code, 3.43 
Resonant cavities, 3.251 
Reverse bias, 3.183 
R-f amplifiers 
buffer, 3.98 
coupling, 3.123 
class B, linear, 4.45 
class C 
cathode bias, 3.121 
doublers, 
push-push, 4.46 
grid-neutralized, 4.46 
grounded-grid, 4.46 
modulated beam 
power, 4.85 
modulated triode, 4.85 
plate-neutralized, 4.46 
power, 4.46 
tetrode, 4.46 
common-emitter, 3.190 
coupling, 3.123 
antenna, 3.127 
doublers, 3.132 
frequency multipliers, 
push-pull, 3.129, 
3.130 
grid-neutralized, 4.46 
grounded-grid, 3.50, 


3.54, 4.46 
linear 
bias, 4.45 


power, 3.144 
link Coupling, 3.123 
Marconi antenna, 

coupling, 3.123 
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R-f amplifiers (cont.) 
modulated-triode, 4.85 
neutralization, 3.125, 

3.128 
output current, 3.52 
parasitic oscillations, 

3.126 
plate-neutralized, 4.46 
power - 

bias, 3.122 

linear, 3.144 
transistor, 3.190 
triode, neutralization, 

4.85 
voltage 

bias, 3.122 

tube types, 3.122 

R-f bridge, tuning, 4.82 

R-f chokes, 3.120 

R-f interference, brush 

sparking, 3.240 

R-f power amplifiers 
parallel, 4.46 
push-pull, 4.46 
tetrode, 4.46 

R-f voltage amplifier, 

3.122 

Ribbon microphone, 4.17 

RLC circuits, 3.09 

RL time constant, 3.22 

RMS values, 4.83 

RMS voltage, 3.84 

“Roger,’’ 2.02(0) 

Rotary spark gap, 8.61 

Rules and Regulations 
AM, frequency tolerance, 


4.97 
antennas 
colors, 4.139 
lighting, 4.138 
authorized bandwidth, 
3.257 


broadcast stations 
AM, frequency 
tolerance, 4.13 
authorization, 3.257 
coast stations communi- 
cations, 2.05(M) 
communications, 4.105 
emergency operation, 
4.105 
FM terminology, 4.117 
frequency tolerance, 
4.13 
inspections, 1.06 
operating 
requirements, 4.100 
terminology, 4.90 
TV, terminology, 4.123 
calling frequencies, 2.15(M) 
call signs, 2.12(M) 
crystals, temperature 
variations, 4.93 


Rules and Regulations 


(cont.) 
Emergency Broadcast 
System 
attention signal, 4.128 
Emergency Action 
Notification, identi- 
fication, 4.130 
operation under Sec. 
73.57, 4.131 
receiving provisions, 
4.129 
station identification, 
4.130 
terminology, 4.127 
tests, 4.132 
emission bandwidth, 3.257 


emission designations, 3.255 


FCC rules violation, 1.19 
FM, frequency tolerance, 
4.114 
FM transmission, testing, 
4.111 
frequencies 
calling, 2.15(M) 
working, 2.15(M) 
frequency ranges, 3.254 
inspections 
broadcast station, 1.06 
vessel, 2.11(M) 
Intercity Relay stations 
antenna, 4.136 
frequency tolerance, 
4.137 
power limitation, 4.133 
interference, 1.21 
radio operator, 1.13 
licenses. See FCC 
licenses 
logs 
AM, signing, 4.106 
entries, 4.107 
maintaining, 4.08, 9.11 
SCA, 4.116 
tower lights, 4.144 
messages, divulging 
contents, 1.16 
mixer crystal, defective, 
8.21 
modulation monitor, 
defective, 4.104 
modulation percentage 
AM, 3.264, 4.103 
operating power 
computing, 4.102 
FM, computing, 4.113 
maintaining, 4.96 
TV transmitter, 4.123 
performance, measure- 
ments, annual 
AM, 4.101 
FM, 4.110 


Rules and Regulations 


(cont.) 
picture transmission, 
amplitude character- 
istics, 4.125 
plate current meter, 4.91 
Public Safety Radio 
Services 
bandwidth, 3.263 
carrier frequency 
tolerance, 3.262 
control point, 3.264 
deviation, 3.263 
identification, 3.267 
modulation percentage, 
AM, 3.264 
operation, 
unauthorized, 3.258 
records, 3.269 
transmitter 
measurements, 3.266, 
3.267 
transmitter test 
notification, 3.259 
radar 
frequency bands, 8.07 
license requirements, 
8.01 
operator requirements, 
8.02, 8.03 
records, 8.04, 8.05 
radio communications, 
priority, 1.14 
radio operation, 
procedures, 2.07(M) 
remote antenna 
ammeters, 4.92 
remote-control 
transmitters, 4.98 
remote stations 
operation record, 4.134 
power limitation, 4.133 
SCA, 4.115 
ship operator, monetary 
forfeiture, 1.20 
sponsor’s name, 9.21 
station authorization, 
3.257 
station changes, 3.261 
station jicenses, disre- 
garding provisions, 
2.10(0) 
STL 
antenna, 4.136 
frequency tolerance, 
4.137 
power limitation, 4.133 
subsidiary 
communications, 
multiplex, 4.118 
test transmissions, 
2.08(M) 
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Rules and Regulations 
(cont.) 
tower lights 
automatic devices and 
alarms, 4.143 
checks, visual, 4.124 
defective, 4.147, 4.148 
logs, 4.144 
repairing, 4.146 
towers 
light-sensitive devices, 
4.141 
painting, 4.145 
transmissions, test, 
2.08(M) 
transmitters , 
remote-control, 4.98 
violations, 1.17, 1.19 
vessel inspection, 2.11(M) 
Rumble, 4.30 


Safety messages, 2.02(M) 
2.06(M) 
Sawtooth generators, 4.07 
Sawtooth waveforms, 4.07 
“Say again,’’ 2.02(0) 
SCA, 4.115 
log, 4.116 
Scanning, 4.73, 4.123 
Sea return, 8.54 
Secondary cell, 3.226 
Secondary emission, 3.53 
Secondary frequency 
standard, 3.220, 3.221 
Second detector, 3.157 
Selectivity, receiver, 3.161 
Selenium rectifiers, 3.74 
Self-inductance, transfor- 
mer action, 3.26 
Self-oscillations, class A 
amplifiers, 3.114 
Semiconductors. See 
Transistors 
Sensitivity, receiver, 3.161 
Sensitivity time control, 
radar, 8.55 
Series circuits 
a-c, 3.09(B), 4.06 
impedance, 3.33 
Series d-c motors, speed, 
3.237 
Series-parallel a-c circuits, 
4.03 
SHF, 3.254 
Shielding harmonics, 3.134 
Shot-effect noise, 4.08 
Shunt d-c generators, 3.238 
Shunt d-c motors, open 
field, 3.245 


Sideband frequencies, 
AM, 3.139 
Sideband power, 3.149 
carrier power relation, 
4.47 
modulation relation, 4.47 
signal intelligibility, 
3.149 
Sidebands 
AM, 3.139, 4.47 
FM, 3.163 
Sideband transmission, 
vestigial, 4.123 
Signal frequency, AM 
receiver, 3.156 
Signal propagation, anten- 
nas, velocity, 3.208 
Silicon crystals, radar, 8.49 
Silicon diode doublers, 
3.65 
Silicon rectifiers, 3.74 
Sine waves, 3.19 
Single-button carbon micro- 
phone, circuit, 3.116 
Single-loop antenna, 3.210 
Single Sideband Suppressed 
Carrier. See SSSC 
Sites, antenna, 4.65 
Skin effect, 3.11 
Skip zone, 3.200 
Sky waves, 3.201 
Soldering precautions, 3.45 
Soldering transistors, 4.10 
Sound, 4.16 
Space charge, 3.53 
Space station, 3.253 
Sparking generator, 3.240 
Speech amplifier with 
pre-emphasis, 3.168 
Spurious emissions, 
transmitter, 3.136 
Spurious signals, receiver, 
3.179 
SSSC, 3.153 
SSSC bandwidth, 3.152 
SSSC power, 3.152 
SSSC receiver, 3.153 
SSSC signal detection, 
3.154 
SSSC transmitter, 3.153 
Stability 
oscillator, 3.96 
transistor amplifier, 
3.189 
transmitter, 3.225 
Stacked arrays, 3.210 
Standard authorization, 
30257, 
Standard broadcast band, 
4.90 
Standard broadcast station. 
See Broadcast stations 


Standard television signal, 
4.123 
Standing-wave ratio (SWR), 
3-215 
Standing waves, 3.215, 
3.216 
antenna, 3.193 
Static, 3.207 
Station identification, 9.17 
Station licenses, 2.10 
posting, 4.99 
Station logs. See Logs 
Stations, See Broadcast 
stations 
Stereophonic separation, 
4.117 
Stereophonic subcarrier, 
4.117 
Stereophonic subchannel, 
4.117 
Stereophonic transmission, 
4.117, 4.119 
STL stations, antennas, 
4.136 
STL system, 4.34 
Intercity Relay 
comparison, 4.135 
Storage battery. See 
Batteries 
Storage cells. See 
Batteries 
Stroboscopic disc, 
turntable speed, 4.32 
Stub tuning, 3.217 
Stylus, 4.28 
Subsidiary communications, 
multiplex, 4.118 
Substitution method, 
antenna tuning, 4.82 
Sulphation, 3.229 
Sunrise definition, 4.90 
Sunset, definition, 4.90 
Superheterodyne single- 
conversion AM 
receiver, 3.155. See 
also AM receivers 
and FM receivers 
Surge impedance, 3.213, 
3.215 
Swinging choke, 3.65 
SWR, 3.215 
Synchronization, TV, 4.123 
Synchronizing pulses 
black-and-white 
television, 4.74 
color television, 4.75 
Synchronizing waveforms, 
television, 4.126 
Synchronous motors, speed, 
3.237 
Synchronous vibrators, 3.65 
Synchro system, radar, 8.69 
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Tank-circuits defects, 
3.270, 3.273-3.275, 
3.284—3.286, 3.291, 
3.292, 3.296, 3.297 

Tape recorders 

frequency response, 4.33 
head cleaning, 4.29 
high frequencies, 4.31 

Temperature coefficients, 
crystal, 3.94 

Television. See also TV 

aural center frequency, 

4.123 
aural signals, 

polarization, 4.79 
aural transmitters, 4.123 
black-and-white 

blanking pulses, 4.74 

transmission, 4.123 
color 

blanking pulses, 4.75 

transmission, 4.123 
equalizing pulses, 4.74 
image-orthicon tube, 4.71 
interlacing, 4.73 
luminance, 4.123 
operator requirements, 

4.120 
peak power, 4.123 
polarization, aural 

signals, 4.79 

sawtooth waveforms, 4.07 
scanning process, 4.73 
standard signal, 4.123 
turnstile antenna, 4.78 
vidicon tubes, 4.72 

Tetrode r-f power ampiifier, 
4.46 

Tetrodes, 3.46 

advantages, 3.47 

impedance coupling, 3.99 

r-f class C amplifiers, 
4.46 

transistor, 3.192 

triode comparison, 3.47, 
3.48 


Thermistors, 3.189 


Third-mode crystal, 3.95 
Thyratrons, 3.46 
Time constants 
RC, 3.21 
RL, 3.22 
Tone control circuits, 3.113 
Tower lighting, 4.140 
log, 4.144 
TPTG oscillator, 3.86, 
3.270-3.276, 3.279, 
3.282 
TR and anti-TR boxes, 8.51 
TR tube, 8.51 
Transformers 
air-core power loss, 3.41 


Transformers (cont.) 
audio, impedance 
matching, 3.40 
current ratio, 3.38 
delta connections, 4.84 
impedance ratio, 3.13 
iron-core power loss, 3.41 
output, 3.115 
saturation, 3.103 
primary current, 3.39 
turns ratio, 3.13, 3.38 
voltage ratio, 3.38 
wye connection, 4.84 


Transistor amplifiers 


calculation of values, 
3.192(M), 3.192(N) 
class A, 3.294, 3.295 
bias, 3.192(M) 
class B push-pull r-f, 
3.190 
class C, 3.296, 3.297 
bias, 3.192(S), 3.192(T) 
common-emitter 
coupling-capacitor, 
3.192(P) 
with emitter bias, 
3.187, 3.392(N) 
emitter-capacitor, 
3.192(Q) 
with fixed bias, 3.184, 
3.192(M) 
r-f, 3.190 
with self bias, 3.186 
with voltage-divider, 
3.192(N) 
comparison to vacuum 
tube types, 3.192(J) 
fixed bias, 3.192(M) 
load line, 3.192(N) 
r-f, 3.190 
base-self bias, 3.192(T) 
bias, 3.192(R), 3.192(T), 
3.192(U) 
class B, 3.192(R) 
emitter-bias, 3.192(U) 
stabilization, 3.189 
types, 3.192(K) 


Transistor diode equivalent 


circuits, 3.301 


Transistor oscillators 


Armstrong, 3.86 
blocking, 8.60 
Colpitts, 3.190, 3.286 
Hartley, 3.283, 3.285 
multivibrator, 3.86 
Pierce, 3.86 


Transistors 


alpha, 3.192(A) 
expressed as current 
ratios, 3.192(B) 
alpha cut-off frequency, 
3.188, 3.192(G) | 
AM transmitter, 3.300 


Transistor's (cont.) 


amplifiers. See 
Transistor amplifiers 
barrier voltages, 3.192(R), 
3.192(S) 
beta, 3.192(C) 
expressed as current 
ratios, 3.192(D) 
beta cut-off frequency, 
3.192(H) 
bias. See Bias, transistors 
comparison to vacuum 
tubes, 4.12 
coupling, 3.190 
disadvantages, 4.12 
field effect, 3.86 
forward biasing, 3.183 
gain-bandwidth product, 
3.192(1) 
gain factor, 4.11 
junction-tetrode, 3.192 
operating parameters, 
3.185 
oscillators. See 
Transistor oscillators 
PNP direct coupled to 
NPN, 3.190 
reverse biasing, 3.183 
semiconductors, 3.182 
small-signal gain, 
3.192(E), 3.192(F) 
soldering, 4.10 
testing with an 
ohmmeter, 3.301 
tetrode, 3.192 
thermistors, 3.189 
unijunction, 4.07 
voltage-divider bias, 
3.192(N) 
voltage gain, 3.192(L), 
3.192(0) 


Transmission 


AM, 4.47 
antenna current dip, 
3.147 
transmitter, 3.151 
carrier shift, 3.147 
coupling effect on 
harmonics, 3.134 
decoupling circuits, 3.134 
FM, 4.59 
in AM transmitter, 3.150 
harmonic attenuation, 
3.137 
tuned circuits, 3.134 
harmonics, 3.134 
intermodulation, 3.135 
linear power amplifier, 
3.144 
lines. See Transmission 
lines 
modulated circuits, 
low-level, 3.143 
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Transmission (cont.) 
modulator output, 3.148 
multiplex, FM, 4.117 
negative, 4.123 
prohibited, 1.12 
shielding, 3.134 
sideband power Vs. 

intelligibility, 3.149 
stereophonic, 4.117, 
4.119 
spurious emission, 3.136 ~ 
tuned circuits, harmonic 
attenuation, 3.134 
vestigial sideband, 4.123 

Transmission lines 
antenna matching, 3.214 
artificial, 8.58 
characteristic impedance, 

3.123, 3.215 
dry air used, 4.87 
hollow cable, 3.218 
installation, 4.88 
solid dielectric, 3.218 
standing-wave ratio, 
(SWR), 3.215 
standing waves, 3.215, 
3.216 
stub tuning, 3.217 
surge impedance, 3.213, 
3.215 
television, 4.123 
visual, 4.123 
VU meter, 4.21 
Transmission test, 2.08(M) 
Transmitter measurements, 
Public Safety Radio 
Services, 3.266, 3.267 

Transmitter power 
antenna current, 3.195 
antenna resistance, 3.195 
effective-radiated, 4:64 

Transmitters 
AM. See AM transmitters 
aural, TV, 4.123 
broadcast 

antenna coupled, 4.55, 

4.56 

plate modulation, 4.86 
carrier shift, 4.49 
circuit breakers, 4.51 
effective radiated power, 

4.64 
FM, retuning, 3.172 
harmonic attenuation, 

3.137, 3.224, 3.225 
impedance matching, 3.214 
interlocks, 4.51 
intermodulation, 3.135 
link coupling, 3.134 
matching to transmission 

line, 3.214 
modulated, low-level, 

3.143 


Transmitters (cont.) 
modulation (AM) 
measurement, 4.58 
operating power, AM, 
3.195 
phase-modulated, 3.176 
plate-modulated, 
low-level, 3.143 
radiotelephone, 4.54 
relays, 4.52, 4.53 
remote-control, 4.98 
SSSC, 3.153 
spurious emissions, 3.136 
stability and harmonic 
attenuation, 3.225 
TV. See TV transmitters 
Traveling-wave tube, 
operation, 3.247 
Triode amplifier gain, 4.09 
Triode frequency doubler, 
4.46 
Triode r-f amplifiers, 
neutralization, 4.85 
Triode, 3.46 
cathode-follower, a-f, 3.50 
class A amplifiers, 3.288, 
3.289 
inductively coupled, 3.99 
doublers, r-f class C 
amplifiers, 
3.129-3.131, 4.46 
lighthouse, 3.63 
modulated, r-f class C 
amplifiers, 4.85 
tetrodes, comparison, 
3.47, 3.48 
Triplers (FM), detuning 
effect, 3.170 
Troubleshooting 
class A amplifiers 
pentode, 3.290 
transistor, 3.294, 3.295 
triode, 3.288, 3.289 
class C amplifier 
pentode, 3.291, 3.292 
pentode with drive 
loss, 3.293, 3.298 
transistor, 3.296, 3.297 
collector by-pass defects, 
3.276, 3.284, 3.288, 
3.296 
Colpitts oscillator, tran- 
sistor, 3.286, 3.287 
crystal, defective, 3.281 
crystal oscillator frequen- 
cy incorrect, 3.282 
TPTG, 3.279, 3.280 
distortion, 3.288, 3.289, 
3.294 
grid-leak bias 3.272, 
3.274, 3.277, 3.279, 
3.291-3.293, 3.296- 
3.298 


Troubleshooting. (cont.) 
Hartley oscillator, tran- 
Sistor, 3.283-3.285 
hum, 3.289, 3.295, 3.299 
modulation, 3.299, 3.300 
oscillators. See also 
specific oscillators 
test for operation, 
3.277 
weak output, 3.278, 
3.287 
plate by-pass defects, 
3.276, 3.284, 3.288, 
3.296 
tank-circuit defects, 
3.270, 3.273-3.275, 
3.284-3.286, 3.291, 
3.292, 3.296, 3.297 
TPTG, 3.270-3.276, 
3.279, 3.282 
transistor amplifiers, 
3.294—3.297 
transistor testing, 3.301 
transmitters 
AM transistor, 3.300 
AM vacuum-tube, 3.299 
Tubes, See Vacuum tubes 
and specific tubes 
Tuned circuits 
harmonic attenuation, 
3.134 
harmonic response, 3.134 
Tuning 
radiotelephone 
transmitters, 4.54 
stub, 3.217 
Turns ratio, 3.13 
transformer, 3.38 
Turnstile antennas, 4.78 
Turntables 
frequency response, 4.33 
speed by stroboscopic 
disc, 4.32 
TV. See also Television 
TV antennas 
sites, 4.65 
turnstile, 4.78 
TV blanking pulses, 4.74, 
4.75 
TV broadcast band, 4.123 
TV broadcast stations, 
4.65, 4.89 
TV field, 4.123 
TV frame, 4.123 
TV frequency swing, 4.123 
TV frequency tolerance, 4.121 
TV logs, 4.122 
TV picture transmission, 
amplitude charac- 
teristics,4.77 
TV pulses 
black-and-white, 4.74 
color, 4.75 
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TV scanning, 4.73, 4.123 
TV signals, aural, 
polarization, 4.79 
TV station logs, 4.122 
TY synchronization, 4.123 
TV synchronizing 
waveforms, 4.126 
TV transmission 
black-and-white, 4.123 
directional couplers, 
4.77 
Standard, 4.123 
TV transmitters 
aural, 4.123 
diplexer, 4.80, 4.81 
directional couplers, 4.77 
grid modulation, 4.86 
operating power, 4.124 
reflectometers, 4.77 
Type acceptance, 3.256 
Type approval, 3.256 


UHF, 3.254 
UHF antennas, sites, 4.65 
UHF tubes, 3.64 
Unidirectional microphones, 
4.18 
Unijunction transistor, 
4.07 
Unlicensed operator, 2.11(0) 
Urgency signal, 2.06(M) 


Vacuum tubes. See also 
specific tubes 
acorn tube, 3.63 
amplification factor, 3.54 
beam-power, 3.46 
bias, 3.105 
characteristics, 3.46, 3.60 
classes of operation, 3.52 
cold-cathode tubes, 3.46 
cut-off bias, 3.52 
diodes, 3.46, 3.74 
distortion, 3.52 
operating point, 3.57 

duo-triodes, 3.46 
filament reactivation, 3.51 
filament type, 3.49 
gain, 3.54 
grid voltage. See Bias 
indirectly heated, 3.49 
input voltage, 3.52 
Ip vs. Eg curves, 3.52 
Ip vs. Ep curves, 3.57 
life, shortened, 3.61 
noise, 3.101 
operation efficiency, 3.59 
output current, 3.52 
output voltage, 3.52 


Vacuum tubes (cont.) 
peak-inverse rating, 3.73 
pentodes, 3.46 
plate current saturation, 

3.52 
plate load resistance, 
<eey/ 
plate resistance, 3.51 
reactivation, 3.51 
remote cut-off tube, 3.46 
r-f voltage amplifier, 
3.122 
secondary emission, 3.53 
shot-effect noise, 4.08 
space charge, 3.53 
tetrodes, 3.46—3.48 
thyratrons, 3.46 
transistors, comparison, 
4.12 
triodes, 3.46-3.48, 3.63 
UHF, 3.64 
voltage gain, 3.56 
Vacuum-tube voltmeters, 
3.79, 3.83 
Varactor diode FM 
modulator, 3.162 
Varactor phase modulator, 
3.165 

V-beam antennas, 3.210 

Vectors, 3.20 

Vessel inspection, 2.11(M) 

Vestigial sideband 

transmission, 4.123 

VHF, 3.254 

VHF amplifiers, 3.62, 3.64 
circuit parameters, 3.133 

Vibrators 
nonsynchronous, 3.65 
synchronous, 3.65 

Vidicon tubes, 4.72 

Violations, 1.17, 1.19 


Visual transmission power, 
4.123 
VLF, 3.254 
Voice modulation, 3.148 
Voltage 
antenna, 3.193 
AVC, 3.157 
battery, 3.232 
dipole antenna, 3.193 
input 
class A amplifiers, 3.52 
class B amplifiers, 3.52 
vacuum-tube, 3.52 
output, vacuum-tube, 3.52 
RMS, 3.84 
Voltage amplifiers, bias, 
3.122 
Voltage dividers, bias, 3.106 
Voltage doublers, 3.65 
Voltage gain 
amplifier, 3.56 
transistor, 3.192(K), 
3.192(L), 3.192(0) 
Voltage ratio, transformer, 
3.38 
Voltage regulation, 3.72 
Voltage regulator tubes, 
3.75 
Voltmeters, 
vacuum-tube, 3.83 
VIVM, 3.79, 3.83 


“VU meters, 


desensitizing, 4.22 
across transmission line, 
4.21 


Wattmeters, 3.79 
power measurements, 
3.80 
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Waveforms 
sawtooth, 4.07 
standing, 3.215, 3.216 
synchronizing, television, 
4.126 
Waveguides, 3.250 
antenna feed, 8.32 
cavities, 3.252, 3.253 
choke joints, 8.34, 8.35 
circular, 8.30 8.31 
coaxial lines, comparison, 
8.30 
construction, 3.240, 8.28 
coupling, 3.249 
duplexer, 8.41 
flange joints, 8.34 
frequency vs. 
dimensions, 3.249 
level runs, avoiding, 
3.252, 8.29 
modes of operation, 
3.249 
moisture elimination, 
3.252 
moisture prevention, 8.33 
operation, 3:249 
rectangular, 8.31 
Wavemeters, absorption, 
3.220 
Whip antennas, 3.211 
ground plane, 3.204 
Wire size, resistance, 


3.10, 3.11 
Wire turns, inductance, 
3.24 


“Words twice,’’ 2.02(0) 

Working frequencies, 
2.15(M) 

Wow, 4.30 

Wye connections, 
transformer, 4.84 
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